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1 

im#m i ] a* * u y ?m mm t , (Hz)©§iifc»© 

1 ito-T^kl^cC-Si^OilbSieSfef ,/n,-Af (H 
2) $fc«f,/n, + Af (Hz) *WrS-9->7 r U>^ r 
< X ?IJ £fg£-r -5 > ^ 'J > X 

£> 

Jftf 3S# tfUv <7im&8. f o (Hz)©l£$[te© t h U- 
HN • f , (bit/s) &*rr&%flH»& > IWB*>^!/> 
<CJI/*5U£ &£i£-r£3fe£$ig£ . 

> ^ y > nw > 7- u > y -r 5 iHWfeamt 

ru^jHj £ ru^;i/Oj -en-en©**^^ 
rart^o^^rtiiu^Kz^i. r u^c;n j <t r u^ju 

HU-hN • fo (bit/s) ^W^S^m^SMM 

Buiaa* * a » zmmm. t . (hz)©&&#© i £ fr-r#> 

{CS&£*g«5iIUai£f&f o/n,-Af (Hz) Sfcttf 
,/n, + Af (Hz) ©2-f 5>y^P s> *£#6£-r&£ 
5 > y * D £ . 

iwia£-f 5 >^^p ? i^fjia^Stft^© u-<;u£-y-> 
yy >^ur-e©tx f-y^ASri^u -e©t^hy 

^ji-oj ^ft-en©&£¥^rartr©¥i$ffiu-^© 
M£> ru^;n j ^ ru^o j ^n-en©ss^ 

ISfigrtr©«»m<iI©*a©J:b£M^#^J:bS&£fc£ L 
TJ}?«>, H?ilB^«-^© a a uK?r^TSS»«^S^ 

cmwaa 3 ] iw<3! i s /cww^ 2 (ctatg©7fem-^ 

(Si^.gf* r j £u ri/-<;n j £ ru^u 

oj -eti^ t n©*s j p^raF'g-c©^Fi^fiiu^<;i'©MM 
£. ru^Hj £ ru^juoj -en-en©^^*^ 
rartr©«*g(B^ii©fa ( or + a, ) ©J* 

Q= m/ ( a, + a,) 



(2) 1 1 -2 23 5 7 5 

2 

[ sSjjsb 4 ] st *s 3 cciai&©5fcft-^ n D n ft*- * k & 

&6*»D»«F5e©^ifflrt«:ii>j^u 

©fc* h y^A©U^<^SAiii*^-9->^'y >^*»«r 
|g#U >^I$[*N tot ., . ?fefi^©-r^ 

-^-ftb <'>Ml>;*iH£*-f A*n h©it) 
?m ¥*>\'Bi&ici$i-t2> ru-on j ©26£S& 

10 ^) iMilfciftC, 
N.H t ,. = N,. t .,xDxM 

©U^jU*cbH<jg u . £^ 

ru^;K)J *J<fcJ>' r 1 j ©gHBU^l/M th0 , 

Uthi =2a(i.+ (l-2a)iLiB 
20 M.hi =2(l-a)M.~ (l-2a)M 0 
o.l <a< 0.4 

£ T S C <!: t -T -S3fem# a a dK* - * „ 

[ 5 ] it i * tcmn^m 2 oci ais©»sf 
m^(t-^«ia*©». txh^A^-r^^'j 

>y*©5^ &6^DJt>S*fc2-^©M^©^^m=' 

W9©j^ffif% rt^i/oj £u. ru^nj £ ru^ 
^oj ^■n^n©&-5¥^j^raF*3-c©^fiiu^;i'©ii 
30 u' £. ri/^nj £ ru^;uoj ^-n-en©^^ 

^fflrt-C©«««^ffi©ffl (a t +a,) ©tb 

Q= U' / (Or + Oo) 

£-rs^m-^ n a n s*^f. 

©tX h ^'7A©U-^;l'g:Affi* i 6-9->7'';>y*^* 

40 ^>^y>^»*N t .,., . Tfem-^©^^ 

m) *M£L/c£t?k:. 
N 1( „,. = N,.«„XDXM 

©U^;U*tbra<BM. £0, 

> 7* y > t/&M.ifi t-?fii£&£ r 0 j 

©?^Iu, £U. 



(3) 

3 

Utko =2au m + (l-2o)u, 

M, hl =2(l-a)a.- (l-2a)M. 
o.i <a< 0.4 

ru-cjUO J ©SEB£u.,„ «±tf tll «T£U Tu 

&ttz>itm^g 0 m*~*. io 

im?m 8 ] m#m i fc:fai&©#{i^o D oif *~ *«c*j 
-y-> y > 

^fc*>£#i!£L;fc»^©a#*P ? *Ji?g& f , (H 

z) <Dm%ft<D 1 *>6^7 -fe » h Jii£$CA f (Hz)£jtoM 20 

l/fc^ig^[f ,/11,-Af (Hz) $fc«f ,,/nt+A f 

(Hz) ©#-f 5>^Py j'Sr^-f*^ 5>^*P 

/n,-Af (Hz) £/clif ,/n,+A f (Hz) t?. 

8M*:~# tcteivt v 30 

tt* t> P ? * jgj&tfc f „ (Hz) £f<, /n.(Hz) (C^-T 

Af = f 0 (n 1 +f„ST) /n,(n, + n,+ f,5T) 

£U JS&£fcf „/ru±A f (Hz)©2-( 5 ^i'P? £ 40 

iiulB 5 f „/n x - A f (Hz)£ tcit f „/n , 

+ A f (Hz)©jg&i&&#©<&£tlJ;frrSA> F^X7 ■< 

[ mum i o ] m&m 1 ic§m<Dytm^ a m^ - * &c 

»#*P v ?m$£if „(Hz) ©1^01090 5.^ 

&lfcf. /m (Hz) ^WT-i>l5I»!i3f P» f fI-5t*A2> 
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iimAf (hz) zmmoitmmkt./ni-At (h Z ) 

*fcttf „/n,+A f (Hz) ©£-f 5>^n-; 

£-r s * -f 5 > ^ * p -j zmt^&t . 

/n,-Af (Hz) Jfcttf./n. + Af (Hz) "C, 

wmor 1 1 ] «m<ji2 s/c«ts*« i o {ctet8©3fe 

* p * fmmn. f o /m (Hz) ©isjsimb* p ? *mn* 
w&zu-j i>m-im f o (hz) ©giitf)-© i <omm. f . 
/n t (Hz) tca<g$fc«^-r-5afg^*/t«^ias 

i, 

Af = f„(n 1 +f 0 5T) /n 1 (n 1 + n,+ f,5T) 

mria®<g* tzizft® stitch a v >?m^£ mria^t^© 

MJltZm^l,, mWl&f o/n.tA f (Hz)©#-/ 5> 
Mia 5 *-y-m?ja> 6.f„/n,-Af (Hz)S /t« f 0 /n, 

+ a f (Hz)©^jg^t^©**a^j-r z>^zs Y>*xy a 
mim 1 2 3 t»*^2 .8,10 o^-rtiipiam 

«2jc^ p iljgfJt f 0 (Hz) ©g£fc#© 1 o^^i: f . 
•7 y > i/x f- zf&iM t hfct % tc. 

Af^f^iit+fo^T) /n,(n, + n,+ f,5T) 
/n,-Af (Hz) i/c«f „/n t + A f (Hz)-f^^-T 

£#6iif§£ii3. feci *«Fm t -r ^^m# D D n »* - ^ . 
cm gas 1 3 ] w*^8 s/c«ii^ 1 0 cciatg©^ 

ft^nW* ^ ^ tc *i t> r . 

etss*^^m#©-gP4^i^-r^^«s^ffi^.. 

l 1 4 ] I«5J5I1 1 3 tC!atB©:ft{i-Sta D Dft*^ ^ 

n^nmari>2^(Dm%^ (Psiq.p, Psiq.s) . 

(Psan.p, Psam.s) iCftMU. 3 hiC^tOKlHcm.^. 
■?&l&frm± (Psiq.p, Psam.s) . (Psiq.s, Psa 

m.p) *(s^R£ur2o(Dta^^- b &m& 



5 

Bute 2 ^^©fflstBwmmft^*Jn# 
[ msas i 5 ] m&m i 3 &cie$8©#m-st.PtiSf * 

tl^tlil:^-rS2o©fi^^. (Psiq.p, Psiq.s) . 
(Psam.p, Psam.s) ICftffiL, 3 6tC-e©m^Ci[^ 
~?i>J&ftm± (Psiq.p, Psam.s) > (Psiq.s, Psa 
tn.p) *ii^^LT2-5CDtH^>^- Kca^j-r^MS 

m^m i 6 ] m$gf 8 stcizm&m i o {cte*s©7fe 

tl^nil:^-r-5 2-^©(g^^ (Psiq.p, Psiq.s) . 
(Psam.p, Psam.s) (C#g£L 3 5{C-£©St,>fCjtt3S 
TSJ&^Utt (Psiq.p, Psam.s) , (Psiq.s, Psa 
m.p) *{B7^^L/r2o©a^rI<- hfcHb^j-rSiB^ 

Mte2*^©*m-^©^^ 5 >^^t>-a-r<i^fisu 

reiMssK mm? •*> £ . 

Bute 2 ^^©tastBM^m-^^tBstHM^Mft-^cc^ 

s-rte 2^©tBEtBiwii»fi^ ; &flnii it mmm-^a 
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[ t»*3i 1 8 ] m^m 1 6 * 

tl?tim3ZtZ>2.~?<DWtf&ft (Psiq.p, Psiq.s) . 
(Psam.p, Psam.s) CC#8SU 3 &tC<eo>£b»fc:i&& 
?2>f8&m± (Psiq.p, Psam.s) . (Psiq.s, Psa 
m.p) «rd3fe^«Sbr 2o©m^J5J<- hicttJ^-r-Sffl^ 

mile 2 ^»t©ffl2tBIW3fcfI^© * -f 5 > ^*^b«r (B 
[&W©i$NB&i&Sli] 

[0 00 1 ] 

20 [miom-rz&ffiftmi *«ib». s^-^/ttff 

CO 00 2] 

[fi£3fc©&ffi] lsgo^f^tclttWWiBe-* f h«7-^^ 

$ it £ & /c S D H (Synchronous Diqital Hierarchy) 

■c«. tf » h ^ > 2 - >; -^a >; t- £i^«n*^^ y 7- 

^3c**iKsra (bip-8), ^sf bMu^fflsm 
(b i p-nx24) x^ti^timm-r^cti^j:*). & 

^iM4gtSTM-NONt?*h i i 56 Mbit/s © 
STM- 1 *S*£U, *©S»flS©P8fl&*STM-N 

£*-r. a*. n=i, 4. i6. ettfaisfttcBfcisft 

ti>icBm?z>o «««t?B. max* y ?- -T utifcfcf? 
!ooo3]ii8B, mwmvmffizmonim*: 

S5 1 - lr^Sti^ *WBB5 2r*t«3n. 3 6 
K*fl«»5 l-2"C2»«SnS. *MS5 1 - 2 

•c^iS3 n/c— *©*<i^{i^ p ^ ^tttuiais5 3 ka 

^J^n. ^M^©bf y FU-hN f„ (Ctfc G /c 4» O ^ 
fa *s«W3n-5.„ ft#ttS5 1 -2T^3n/cflb^ 

©^«-^«smH8S5 4«cA^3n. ?f.{c^om^ 

50 6&&K9*tttHBBg5 5(cA3j3ft&. 4 
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mzmfe-rz. tnvznwmns 3. sfimss 

5 4. ^«3^miElSS5 5tt. ftfl^©^? rU-h(C 
jCSD^RR©*>©*J^r*S„ -Tfcto^. «&©tf? 

h U - r tt*tt& L/c@8S^fflS-r •5<^>S* S * K) . #-© 

[0 00 4] iC6T> £jg^*^A©SMi£fT 

c©#Src». #Sfc<gc>gl9^©i#i&K:iij£ 

[0005] ^c-c. mmommzmtz-eittiuc 
m h n m o ^©miojxp e «®a&ms r ©si o m zim 

trZ-fim&nmZIMc (£d£&|Rl : N.S.Berqano et a 
1., "Margin Measurement in Optical Amplifier System 
s", IEEE Photonics Technology Letters, vol.5, no. 
3, pp. 304-306) o 01 9tCyt{m<DT J^Z^teJzU 
**St^h^7A4St„ C©7^^>(D7-fiP 20 

tfimxicft dasiJzK-O h) K*»c>r. HUMS© 
-fj r i j u^i/i. ra-j jfcts roj 

jupNMef? c>. -e©4 #©^9 ©ftesaerr s. 

[ o o o 6 ] shrkck. ^2 otc^f £9tt?a?*ffi 

ffiSHS 5 3 . 3HlgEjft8 5 6 . SStfa##LJl¥l& 57K 

to *i > 6©*(t#©— »«6fBE8l» 5 6"C1 

*MH9<ca3ltU COSSlifii'a? *»HJISB55 3 30 

<fc 5 &S£ifi#*!Jffl#© 5 7 &c A# 0 . 0 1 9©<fc5& 

[0007] z(dt j >*t*y<DT jwnttwckttiz>m 
rat. «c*h,»t. imm wz.itnH.rn zm^yt 

U 2fiI<£j£©J©£© l>»-fj JfcB rij U-Ql/©& 

BfO^ifBJI* ai (ti ) . ro- j $/c« r o j u-<;t/ 
©^©Siift^Srcr.cto^oft^SK:. Qct„)fii« 

Q(t»)= *i(t,)/(a,(ti,)+a.Cti)) -CD 

rjtasft*. xaotmMB»4ir«fier 40 

P= ( l/(Q(27t) l/, ))expC-Q I /2) - (2) 

©<fc5fc8Hifo&**S. WdPoT. Qffi*si>J^r#ft 

[0008] 

[ISWasjR&l^^T-Sgjg] L*»U fiE*©QfiiaiJ 
3S3Rtt. 02 0 tCarr <fc 5 JC3fcfI-St£m»ffi-Sf &C^& L> 
/cf^tC^*-9->7* U >^U"CQfii5:3jc«6-Ct^©-C. 
*S^S^»«-^MS@SS©^^S3iS{C «fc 

0 » Hltr * £ tIc®-^© tr 9 h b - h #40G bi t/sSK so 
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itf£lJ[E3ftTl>fc 0 

[0009] T-fMP*s®Ai^S^r©Qfii 

eatssa* 6 zmvitfm&ftm- &&s*s& s© 

[ooio] a&oyttr^ rU-r©?wy 

*$t>T . fi!3B3£3feM#©t » h U - h (c J: 6***— ©B 
[001 1 ] £fc. 2fs$MH«, Ifc+Gbit/s «±©tf ? 

^njs©3fe®#©m#*f«mb{c-^* suw^ffijii-r s 

[0012] 

[0013)018. IR^B 1 KIBig©)fc{I^ B a oS*- 

^©a*«fiS^^-r. 0{c*si»r. e^ss3&^6A^sft 

(Hz)«MS»ff© tT y h U- HN • f„ (bit/s) (N = 

i, 2. ••) **rr*. < 9 > >^>;>^5&t^ii£¥js 

1«. jfM%Ka>... . 9»J9ttKf a CHz)© 

^^•© 1 4*712 9 hii^A f (hz) zmmvtcm 

QjBUMHRf ,/nj-Af (Hz) (S/c«f„/n 1 + 
Af (Hz) ) (n, =1, 2, •••) T . ^;U^iJsAt*s 
jt<t^O$-fAXP ;» h«fcO+^iC$feti (Ar< 1/N 
f. ) *>:* , y %^R82 

^«*43«:A^-rs. 

[0014] MmH3B, 2^©*«»*W» 
*©—■ o-C*SWS?ffi56l6^ ( S F G : Sum Freguency 
Generation) (##X®52 : 1KA ft. rfDja»B6IB^ 

^-T-t^fiilft^^i&XlS. B - I. vol.J75-B-I, no. 5. 
pp. 372-380, 1992)-?»Miljfe7fe^^ (DFG : Defferen 
ce Frequency Generation ) . 3 'MfDlttSByt&tfgk'C 
$>2>iByti8.U& (FWM : Four Wave Mixing) 

: P.A.Andrekson, Electron. Lett. 27, p.1440, 199 

[0015102 (a) ,(b) ,(c) «. -eft^ft S F G. D 
FG, FWM<Cfett&^8HR<Dmffi&j*-r. SFG 
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02(a) tc^-r «t5tc. ftjaamco,,. (oftmnt 

FGtt, 02(b) (CTjrrJ^CC. 3feSlffi»CD., a ©3fcfl 
Ji&t&co,,,, ( = o)...-co,, 0 ) ©##&£?- sgi&r 

[0016] FWMB> -mc 3 -3©AI*3fc (ftJI&lfc 
coj.coj.coj^^if/t^ (pfeJSi&Ifcco.^cOj + co,- 10 
co,) #&£T-535i&t?&£#, >y«ClSJB 

■T SW^tt: « 3 «S©7fc£fflt » & ©ttfilWIfi&ic % -5 

©T?. a;£2^©fti£#t|§jl (co^co.) IfcFWM* 

co,, a ©^m-^^AW-r-sciKjcf). 02(o (c^-r 

J^tC, 3fcja&$Cco f .. (= 2 co... -co. ,,)©#£#&£ 

[0017] cct? t •y->^u>^^;uxo^f)jgo 

m# <t ©t B*tftg£ rhvK&hmzwzctictj;*. 

ft£ <±fe##:*SR 2 ) . 

[0018] ?tzt>%. ^mm%mm:%nmmA 
©t&m*$«fc tfftff&ffo. 0 3 cc^-r <fc 5 ft^s© t 

u <t ru^uoj -en-en©^^^®^©^ 
dn<ii©fn ( a 1 + o 9 ) ©it 

Q= M/ (CT1+CT0) - (3) 40 

[00 19] CC?, ±IB©BI<ilU^M, hl . Mt-o 

*t*^TS^©-^|oco^r. 04^#ML,r^-r 

Dfe^©B#mF*3(caij^b/ciif>7''j i/if&tph 1^01 

.i d4 ..«t^L/< ft^>/c«!:#©U^;l/*4«raffiM. it 



1$ig¥ 1 1 -223575 
10 

wsv-i' r 1 j vm&mm) £M£ outset. 

N 11 da,. = N..,..xDxM -(4) 

Ui = 2 (U. - W 0 )+ Mo " (5) 

[0020]^ ±tetx h y^A(c*5t>ru^s 

j ©^p^i<Bmo its, rt>^ 

JU0 J r U-*<;U 1 j ©ESHiii U-'Ol'Mt 1.0 . Utht 

Uth» = Co + a(Ui - Mo) 

Mthi =di ~a(M,-Mo) "(6) 

itSl^-rS. /c/cU 0<a<0.5 £T&. C© (6)5$ 

«c (5)^*f^A-rS<b. 

Mtho =2au.+ (l-2a)// 0 

Mthi =2(l-a)u.- (l-2a)Mo —(7) 

ens. 

[002 1 ] «±©#&r^OfcHffiU^;l/tf th0 . 
•5. fl^jH j i rU"-t;l/0j (DW-iSiMu* . Mo fc 
ftfi#^#J:b(^ (Qffl) 

[0022] coM^^mb^Qt*. ^-^©m-^ 

^i : gJ:b{Cl^l{C*flCT-S^}Sfit , *S„ 
T. C©Q<B?:*i*.5Ci(CJ:0. £ll/tSfc36fl^ 
©p a D I4t$t S C i *sr # -5. . 
[ 0 0 2 3 ] 0 5 ±fE^^af>fc¥^WftQ<ii 

^Ffflt, {c*j^SQffli©M^*^-r. 0J:O. a 
*o.i KT&t1f >70>?&M#m$>-?2>1tisb, 

JC ft -5 i T V $ >© p x ^ > h ^©SJ^fii* 5 ^ 

shsor. ^wftQ«i©<iiAi<s< ft ») 

<ft-5 0 Cncc^ttr. 0.1<a<0.4 ©Jft-^-tt. 1f> 
iS-C€f.S©-C. ¥^ftQfiii:B#rato tCfcWSQfii© 

ra^^C^BM^ffenS. ftte. C©t^-CW+BM^U 

<!; X 0 . 99© flS l i ffl*^ "C I ^-S „ 
[0 0 24] lfci?ot, (7) SKteUt^ 0.1<a< 

o.4 tm^.Lx^mmu^ovu ct ,„. u thl ^s-r-s 

cifciD. WSJ:<<3MIS©^«-^ D a nM*iSm-rSc: 

[002 5] 06{C^t«fc^CC l F^7A4 

«fiSTS-t»->7'U>y*© i 5% > *6^D*S*fc2o 
©M^©5 ^flSC^U-^Jl/Mllirt©^* r U-<;W 1 j i 

L. ©t>u^^[*3©j5J¥£ ru^i/Oj iu. ru 
^;hj i rb^iyoj ^-n^ti©*-5¥^partr© 
^±^ifiiU'^;i'©^M' <t. ru-^jnj i ru^;uoj 

^■n^n©SK¥^B#^rt-c©s*Pii^B©«] ( a, + 

a„) ©tb 
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Q= U' / (0 x + 0 9 ) "(8) 

[0026]J5c*J, C<D*©£-K:«. mtf*6^ca>i* 

Tj io, rix^uoj ©85ffi£ r/Li.,. JW-hu,,,. & 
tj <t-rn«cti,^ (i»^6) „ 

[0 02 7] feUJBBJ o/c J: 5 5C« St*tT*> 

n-c o/cr a n * >p§p©s«>ii#&B&£r;fc(i#© t 

*>6B$W¥$<bUfc{i^;m8#J:b^ (Qffi) 
&$tfS©tf h U— FNf, (bit/s) ©#«-*!«: ttlST 

£>o/c$[+G bit/s JiJ±©ffiASj£©)fcfi-5f©n a DSfe*S$ 

-r-s 

[0 028] 

[&w<Dnn<»&m ) (m i tommm® mtm i . 

7. 8, 9, 13)08«> #f&BJ©3fcm-^.ftJf*-*© 

m i ©saws****-*-. 

(0 029] 0(ctet,>T t £j£S8#>6S#* o 9 
tStf. (Hz)©g|fc(§© tf 9 f-U-hN • f„ (bit/s) 

(n= i , 2, •••)' *^rs*«#*»A*sn. -e©3fc 
{m<D-ffl&yttm&5 i - 1 -e^sn*. c©£ 

^feS5 l - l ©■*-*#- 

W^Sn^pfem^i. 3 6{C^^5 1 -2-C2#i& 

[0 03 0] 3BW&S5 1 - 2 t»i3hfc-#03tl 

#:?P9*jgj£&f „ (Hz)£«lttiU *©«H»»©1*» 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Basic clock frequency fO Slightly different repeat frequency f0-/n1-deltaf from 1 for an integer 
of (Hz) (Hz) Or f0/n1+deltaf (Hz) A sampling light pulse generating means to generate the sampling light 
pulse train which it has, Said basic clock frequency fO Bit rate N-fO (bit/s) of the integral multiple of (Hz) 
The lightwave signal which it has, Said lightwave signal it was multiplexed [ lightwave signal ] with the 
optical multiplexing machine which multiplexs said sampling light pulse train, and said optical multiplexing 
vessel, and said sampling light pulse train are inputted. The non-linear optical material which samples said 
lightwave signal in said sampling light pulse train by outputting the cross-correlation lightwave signal 
produced according to a nonlinear optical effect, The histogram of optical reinforcement is measured from 
the optical/ electrical converter which changes said cross-correlation lightwave signal into a cross- 
correlation electrical signal, and said cross-correlation electrical signal, the sampling point which 
constitutes the histogram on the strength [ optical ] to "level 1 ", and "level 0" — with the difference of 
the average-value level within between each existing mean time "level 1" and "level 0" — the lightwave 
signal quality monitor characterized by having an electrical signal processing means to ask for the ratio of 
the sum of the standard deviation value within each mean time concerned as a signal - to— noise— ratio 
multiplier, and to inspect the quality of said lightwave signal. 

[Claim 2] Basic clock frequency fO The bit rate N of the integral multiple of (Hz), and fO (bit/s) The 
optical/electrical converter which changes into an electrical signal the lightwave signal which it has, Said 
basic clock frequency fO Slightly different repeat frequency f0-/n1-deltaf from 1 for an integer of (Hz) (Hz) 
Or f0/n1+deltaf (Hz) A timing clock generating means to generate a timing clock, Sample the level of said 
electrical signal by said timing clock, and the histogram is measured, the sampling point which constitutes 
the histogram to "level 1 ", and "level 0" — with the difference of the average-value level within between 
each existing mean time "level 1 " and "level 0" — the lightwave signal quality monitor characterized by 
having an electrical signal processing means to ask for the ratio of the sum of the standard deviation value 
within each mean time concerned as a signal-to-noise-ratio multiplier, and to inspect the quality of said 
lightwave signal. 

[Claim 3] In a lightwave signal quality monitor according to claim 1 or 2 an electrical signal processing 
means A point group higher than the threshold level beforehand defined among the sampling points which 
constitute a histogram is made into "level 1." moreover, a point group lower than the threshold level 
defined separately — "level 0" — carrying out — "level 1 " and "level 0" — the difference mu of the 
average-value level within between each existing mean time, "level 1", and "level 0" — ratio- Q=mu/ 
(sigmal+sigmaO) of the sum (sigmal+sigmaO) of the standard deviation value within each mean time 
concerned 

The lightwave signal quality monitor characterized by being the configuration for which it asks as a signal- 
to-noise-ratio multiplier. 

[Claim 4] In a lightwave signal quality monitor according to claim 3 an electrical signal processing means It 
asks for the histogram of level from the sampling point beforehand measured in specific time amount. It 
integrates with the number of sampling points from the level maximum of this histogram. The total number 
of sampling points Ntotal, When the duty ratio (ratio of pulse width and a time slot) of a lightwave signal is 
set to D and a mark rate (probability of occurrence of the "level 1 " in digital transmission) is set to M It is 
mean value mum about the level when becoming equal to the number Nmiddle of sampling points which can 
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be found In Nmiddle=NtotalxDxM. It carries out. the level to which the number of sampling points serves as 
peak value from a level minimum value side in said histogram at the beginning — the average mu 0 of 
"level 0" It carries out. ** — "Level 0" and threshold level muthO of "level 1", and muthl Lightwave signal 
quality monitor characterized by being referred to as muthO =2alphamum+(1-2alpha) muOmicrothl =2(1- 
alpha) mum-(1-2alpha) muOO.1 <alpha< 0.4. 

[Claim 5] In a lightwave signal quality monitor according to claim 1 or 2 an electrical signal processing 
means The point group in a high level field is made into "level 1 " between two fields beforehand appointed 
among the sampling points which constitute a histogram, the point group in a low level field — "level 0" — 
carrying out — level 1 and level 0 — difference mu' of the average—value level within between each 
existing mean time, and "level 1" and "level 0" — ratio Q=muV(sigma1+sigma0) of the sum 
(sigmal+sigmaO) of the standard deviation value within each mean time concerned 

The lightwave signal quality monitor characterized by being the configuration for which it asks as a signal- 
to-noise-ratio multiplier. 

[Claim 6] In a lightwave signal quality monitor according to claim 5 an electrical signal processing means It 
asks for the histogram of level from the sampling point beforehand measured in specific time amount. It 
integrates with the number of sampling points from the level maximum of this histogram. The total number 
of sampling points Ntotal, When the duty ratio (ratio of pulse width and a time slot) of a lightwave signal is 
set to D and a mark rate (probability of occurrence of the "level 1" in digital transmission) is set to M It is 
mean value mum about the level when becoming equal to the number Nmiddle of sampling points which can 
be found in Nmiddle=NtotalxDxM. It carries out. the level to which the number of sampling points serves as 
peak value from a level minimum value side in said histogram at the beginning — the average mu 0 of 
"level 0" It carries out. ** — "Level 0" and threshold level muthO of "level 1", and muthl It is referred to 
as muthO =2alphamum+(1-2alpha) muOmicrothl =2(1 -alpha) mum— (1 — 2alpha) mu00.1 <alpha< 0.4. They are 
mumax and mumin about the maximum and the minimum value of level in the sampling point measured in 
said specific time amount respectively. It carries out. It is mumin about the range of "level 0". It is muthO 
above. It considers as the following and is muthl about the range of "level 1". It is mumax above. 
Lightwave signal quality monitor characterized by considering as the following. 
[Claim 7] It is the lightwave signal quality monitor characterized by being the sum cycle light which 
generated the cross-correlation lightwave signal according to the nonlinear optical effect in the lightwave 
signal quality monitor according to claim 1 f difference cycle light, or 4 light-wave mixing light. 
[Claim 8] In a lightwave signal quality monitor according to claim 1 a sampling light pulse generating means 
Frequency f0-/n1-deltaf which adjusted offset frequency deltaf (Hz) from 1 for an integer of the basic 
clock frequency fO of the lightwave signal which branched from the transmission line (Hz) (Hz) or 
fO/nl+deltaf A timing clock generating means to generate the timing clock of (Hz), Said timing clock is used 
and it is repeat frequency f0-/n1 -deltaf. (Hz) or f0/n1+deltaf By (Hz) The lightwave signal quality monitor 
characterized by having a short light pulse generating means to generate a sampling light pulse train with 
pulse width narrower enough than the time slot of a lightwave signal. 

[Claim 9] In a lightwave signal quality monitor according to claim 2 or 8 a timing clock generating means It 
is the basic clock frequency fO of the clock signal extracted from the lightwave signal which branched from 
the transmission line (Hz) fO / n1 (Hz) The counting-down circuit which carries out dividing, n1, and n2 
When it considers as the natural number and deltaT is made into sampling step time deltaf=f0 
(n1+f0deltaT) / n1 (n1+n2+f0deltaT) 

The lightwave-signal quality monitor characterized by to have the band pass filter which outputs only the 
frequency component of f0-/n1-deltaf (Hz) or f0/n1+deltaf (Hz) from the mixer which mixes the oscillator 
out of which it comes, and which is oscillated by OSESETTO frequency deltaf expressed, and said clock 
signal by which dividing was carried out and output of said oscillator, and generates the timing clock of 
frequency f0/n1**deltaf (Hz), and said mixer output. 

[Claim 10] In a lightwave signal quality monitor according to claim 1 a sampling light pulse generating means 
Basic clock frequency fO (Hz) Clock frequency fO / m of 1 for an integer (Hz) The synchronous-network 
clock signal which it has is inputted. Frequency f0-/n1 -deltaf which adjusted offset frequency deltaf (Hz) 
from 1 for an integer of a basic clock frequency (Hz) or f0/n1+deltaf A timing clock generating means to 
generate the timing clock of (Hz). Said timing clock is used and it is repeat frequency f0-/n1 -deltaf. (Hz) or 
f0/n1+deltaf By (Hz) The lightwave signal quality monitor characterized by having a short light pulse 
generating means to generate a sampling light pulse train with pulse width narrower enough than the time 
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slot of a lightwave signal. 

[Claim 1 1] In a lightwave signal quality monitor according to claim 2 or 10 a timing clock generating means 
clock frequency fO / m (Hz) a synchronous-network clock signal — the frequency fO of 1 for an integer of 
the basic clock frequency fO (Hz) / n1 (Hz) With multiplying, the multiplier which carries out dividing, or a 
counting-down circuit n1 and n2 When it considers as the natural number and deltaT is made into sampling 
step time, it is deltaf=fO (n1+f0deltaT) / n1 (n1+n2+f0deltaT). 

The mixer which mixes the oscillator out of which it comes, and which is oscillated by OSESETTO 
frequency deltaf expressed, said multiplying or clock signal by which dividing was carried out, and the 
output of said oscillator, and generates the timing clock of frequency f0/n1**deltaf (Hz), The lightwave 
signal quality monitor characterized by having the band pass filter which outputs only the frequency 
component of f0-/n1 -deltaf (Hz) or f0/n1+deltaf (Hz) from said mixer output. 
[Claim 12] In a lightwave signal quality monitor given in either of claims 2, 8, and 10 a timing clock 
generating means the frequency fO of 1 for an integer of the basic clock frequency fO (Hz) / n1 (Hz) from - 
- n1 and n2 the time of considering as the natural number and making deltaT into sampling step time — 
deltaf=f0 (n1+f0deltaT) / n1 (n1+n2+f0deltaT) 

Frequency f0-/n1 -deltaf which came out and acjjusted OSESETTO frequency deltaf expressed (Hz) Or 
lightwave signal quality monitor characterized by having the oscillator oscillated by fO/nl+deltaf (Hz). 
[Claim 1 3] The lightwave signal quality monitor characterized by being the configuration which multiplexs 
the lightwave signal which was equipped with the optical turnout which branches in a part of lightwave 
signal from a transmission line in the lightwave signal quality monitor according to claim 8 or 10, and 
branched by said optical turnout, and the sampling light pulse train outputted from the sampling light pulse 
generating means with an optical multiplexing vessel. 

[Claim 14] In a lightwave signal quality monitor according to claim 13 an optical multiplexing machine Two 
polarization components which intersect perpendicularly a lightwave signal and a sampling light pulse train, 
respectively (Psig.p, Psig.s), It separates into (Psam.p and Psam.s). Further The components (Psig.p, 
Psam.s) which intersect perpendicularly mutually As opposed to two polarization composition light which is 
polarization separation composition means to carry out polarization composition of (Psig.s and the Psam.p), 
and to output to two output ports, and is outputted from said polarization separation composition means 
The lightwave signal quality monitor characterized by having the adder circuit which is made to generate a 
cross-correlation lightwave signal, respectively, adds two non-linear optical materials and optical/electrical 
converter which are further changed into a cross-correlation electrical signal, and said two cross- 
correlation electrical signals, and is sent out to an electrical signal processing means. 
[Claim 15] In a lightwave signal quality monitor according to claim 13 an optical multiplexing machine Two 
polarization components which intersect perpendicularly a lightwave signal and a sampling light pulse train, 
respectively (Psig.p, Psig.s), It separates into (Psam.p and Psam.s). Further The components (Psig.p, 
Psam.s) which intersect perpendicularly mutually As opposed to two polarization composition light which is 
polarization separation composition means to carry out polarization composition of (Psig.s and the Psam.p), 
and to output to two output ports, and is outputted from said polarization separation composition means 
The lightwave signal quality monitor characterized by having a polarization composition means to double 
the timing of said two cross-correlation lightwave signals with two non-linear optical materials made to 
generate a cross-correlation lightwave signal, respectively, to carry out polarization composition, and to 
send out to an optical/electrical converter. 

[Claim 16] In a lightwave signal quality monitor according to claim 8 or 10, an optical multiplexing machine 
and a non-linear optical material are inserted in a transmission line. Multiplex with an optical multiplexing 
vessel and the lightwave signal from a transmission line and the sampling light pulse train outputted from 
the sampling light pulse generating means are inputted into a non-linear optical material. The lightwave 
signal quality monitor characterized by having a wavelength separation means to be inserted in a 
transmission line, to separate the lightwave signal and cross-correlation lightwave signal which are 
outputted from said non-linear optical material, to send out a lightwave signal to a transmission line, and to 
send out a cross-correlation lightwave signal to an optical/electrical converter. 

[Claim 1 7] In a lightwave signal quality monitor according to claim 1 6 an optical multiplexing machine Two 
polarization components which intersect perpendicularly a lightwave signal and a sampling light pulse train, 
respectively (Psig.p, Psig.s), It separates into (Psam.p and Psam.s). Further The components (Psig.p, 
Psam.s) which intersect perpendicularly mutually As opposed to two polarization composition light which is 
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polarization separation composition means to carry out polarization composition of (Psig.s and the Psam.p), 
and to output to two output ports, and is outputted from said polarization separation composition means 
Two non-linear optical materials and the wavelength separation means of generating a cross-correlation 
lightwave signal, respectively and separating a lightwave signal and a cross-correlation lightwave signal 
further, A polarization composition means to double the timing of said two lightwave signals, to carry out 
polarization composition, and to send out to a transmission line, The lightwave signal quality monitor 
characterized by having two optical/electrical converters which change said two cross-correlation 
lightwave signals into a cross-correlation electrical signal, and the adder circuit which adds said two cross- 
correlation electrical signals, and is sent out to an electrical signal processing means. 
[Claim 18] In a lightwave signal quality monitor according to claim 16 an optical multiplexing machine Two 
polarization components which intersect perpendicularly a lightwave signal and a sampling light pulse train, 
respectively (Psig.p, Psig.s), It separates into (Psam.p and Psam.s). Further The components (Psig.p, 
Psam.s) which intersect perpendicularly mutually As opposed to two polarization composition light which is 
polarization separation composition means to carry out polarization composition of (Psig.s and the Psam.p), 
and to output to two output ports, and is outputted from said polarization separation composition means 
Two non-linear optical materials and the wavelength separation means of generating a cross-correlation 
lightwave signal, respectively and separating a lightwave signal and a cross-correlation lightwave signal 
further, The lightwave signal quality monitor characterized by having the 1 st polarization composition 
means which doubles the timing of said two lightwave signals and carries out polarization composition, and 
which is sent out to a transmission line, and the 2nd polarization composition means which doubles the 
timing of said two cross-correlation lightwave signals, and carries out polarization composition, and which 
is sent out to an optical/electrical converter. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] . 
[0001] 

[Field of the Invention] This invention relates to the lightwave signal quality monitor which carries out the 
monitor of the signal-to-noise ratio of a lightwave signal in the optical-fiber-transmission network where 
the digital lightwave signal of a different bit rate is transmitted. 
[0002] 

[Description of the Prior Art] In SDH (Synchronous Digital Hierarchy) which became global unification 
network ladder structure in the 1990s, identification and the change seizing signal of the failure section 
have been acquired by carrying out parity check called bit interleave parity between the multiplexing 
terminal offices (BIP-Nx24) between repeaters (BIP-8), respectively. Here, N is N of STM-N showing the 
number of multiplexing, and is 1 56 Mbit/s. The ladder of the integral multiple is expressed as STM-N on the 
basis of STM-1 . Ih addition, N= 1 , and 4, 1 6 and 64 are recognized internationally. BIP-M means the parity 
check in every M bits, and a M-bit check bit is obtained. Parity check with parallel M bits of the signal in a 
frame is performed by the transmitting side, the check bit is stored in the following frame, and it transmits 
with the main signal. In a receiving side, same parity check is conducted and a transmission error is 
detected by collating with the check bit stored in the predetermined location of degree frame. 
[0003] Dra wing 18 shows the example of a configuration of the conventional error rate system of 
measurement. In drawing, a part of lightwave signal from a transmission line branches by the optical turnout 
51-1, it is amplified with a light amplifier 52, and dichotomizes by the optical turnout 51-2 further. While 
branching by the optical turnout 51-2, it is inputted into the clock extract circuit 53, and a lightwave signal 
is the bit rate NfO of a lightwave signal. Clock fO which responded It is extracted. The lightwave signal of 
another side which branched by the optical turnout 51-2 is inputted into a receiving circuit 54, and is 
inputted into the error rate detector 55 where the output consists of a frame detector, a parity check 
circuit, and a correlation circuit further. A receiving circuit 54 and the error rate detector 55 are the clock 
fO extracted in the clock extract circuit 53. It responds and operates and the error rate of a lightwave 
signal is measured. In addition, the thing of the configuration according to the bit rate of a lightwave signal 
is required for the clock extract circuit 53, a receiving circuit 54, and the error rate detector 55. That is, in 
order to perform error rate detection corresponding to two or more bit rates, it is necessary to prepare the 
circuit corresponding to each bit rate, and cannot respond in a single circuit. 

[0004] By the way, in order to evaluate a transmission system, the method of measuring the error rate of a 
signal directly is common. However, by this approach, there was a problem to which the measuring time 
becomes this thing for a long time in the case of a very low error rate, and working efficiency becomes low. 

[0005] Then, the method of presuming the error rate in the optimal operating point from the inclination of 
the error rate acquired when changing the threshold of a discrimination circuit was devised (reference 
1 rN.S.Bergano et al., "Margin Measurement in Optical Amplifier Systems", IEEE Photonics Technology 
Letters, vol.5, no.3, pp.304-306). . The eye pattern and the histogram on the strength [ optical ] of a 
lightwave signal are shown in drawing 19 . When eye opening of this eye pattern becomes max (discernment 
point), by changing the threshold of a discrimination circuit, "yes" or "1" level in binary transmission, and a 
"low" or "0" level are distinguished, and the rate of the error at that time is measured. 
[0006] The system of measurement by the clock extract circuit 53 as shown in drawing 20 , the 
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optical/electrical converter 56, and the electrical signal processing means 57 is constituted actually, and it 
is considering as the assessment index in quest of the Q value which is equivalent to a signal-to-noise 
ratio from the threshold dependency of an error rate. That is, a part of lightwave signal from a transmission 
line is changed into an electrical signal with an optical/electrical converter 56, the clock extracted in this 
electrical signal and the clock extract circuit 53 is inputted into an electrical signal processing means 57 
like a sampling oscilloscope, and an eye pattern like drawing 19 and a histogram on the strength [ optical ] 
are obtained. 

[0007] Time amount tO from which eye opening of this eye pattern serves as max Set and signal amplitude 
(for example, electrical-potential-difference value) is set to mu (tO). When the standard deviation of the 
noise of "yes" or "1" level in binary transmission is set to sigmaO (tO), Q (tO) value the standard deviation 
of the noise of sigmal (tO), "low", or "0" level Q(t0) =mu(tO)/(sigma1(tO)+sigmaO (tO)) — It defines as (1). 
On the other hand, when the noise amplitude distribution of a gauss mold is assumed, in the low field of an 
error rate, error rate P and Q value are P=(1/(Q(2pi) 1/2)) exp (-Q2/2). — There is relation as shown in 
(2). Therefore, if Q value can be measured, a transmission-line error rate can be presumed. 
[0008] 

[Problem(s) to be Solved by the Invention] However, since the wave was sampled after the conventional Q 
value system of measurement changed the lightwave signal into the electrical signal, as shown in dra wing 
20 , and Q value was calculated, the bit rate of the lightwave signal which can respond with the band and 
processing speed of an optical/electrical converter or an electrical signal processing circuit was restricted 
to 40 Gbit/s extent. 

[0009] Moreover, since the Q value in the event of eye opening serving as max was measured, it was not 
able to respond to the digital lightwave signal of a different bit rate. Moreover, since the conventional Q 
value system of measurement needs to branch the lightwave signal for monitors from a transmission line, 
loss by branching arises in the lightwave signal on a transmission line, and it has become the factor which 
degrades a signal-to-noise ratio. 

[0010] This invention aims at offering the lightwave signal quality monitor which cannot be based on the bit 
rate of a measuring beam-ed signal, but can carry out the monitor of the signal-to-noise ratio in a single 
circuit in the optical-fiber-transmission network where the digital lightwave signal of a different bit rate is 
transmitted. 

[001 1] Moreover, this invention is dozens Gbit/s. It aims at offering the lightwave signal quality monitor 
which can respond also to the lightwave signal of the above bit rate. Moreover, this invention aims at 
offering the lightwave signal quality monitor which can reduce the effect which it has on the signal-to- 
noise ratio of the lightwave signal of a transmission line. 
[0012] 

[Means for Solving the Problem] A lightwave signal quality monitor according to claim 1 is a configuration 
which carries out the monitor of the signal-to-noise ratio with an optical means from the statistics 
processing value of the amplitude value of the histogram on the strength [ optical ] by the bit rate of a 
lightwave signal to a sampling point. Hereafter, the basic configuration is explained. 

[0013] Dr a wing 1 shows the basic configuration of a lightwave signal quality monitor according to claim 1. 
the lightwave signal inputted from a transmission line in drawing — optical frequency omegasig — basic 
clock frequency fO It has bit rate N-f0 (bit/s) (N= 1 , 2, — ) of the integral multiple of (Hz). The sampling 
light pulse generating means 1 Optical frequency omegasam, basic clock frequency fO 1 for an integer of 
(Hz) and offset frequency deltaf (Hz) were adjusted — repeating — frequency f0-/n1-deltaf (Hz) (n (or 
f0/n1+deltaf (Hz)) 1 =1,2, — ) Pulse width deltatau generates a sampling light pulse narrower 
(deltatau«1/Nf0) enough than the time slot of a lightwave signal. The optical multiplexing machine 2 
multiplexs and inputs a lightwave signal and a sampling light pulse into a non-linear optical material 3. 
[0014] A non-linear optical material 3 is sum cycle light generating (SFG:Sum Frequency Generation) 
(reference 2: Takayoshi others) which is one of the secondary nonlinear optical effects. "The ultra high- 
speed light wave form measuring method by the optical sampling using sum cycle light generating", The 
Institute of Electronics, Information and Communication Engineers paper magazine, B-I, vol.J75-B-I, no.5, 
pp.372-380 f 1 992 and difference cycle light generating (DFG:Defference Frequency Generation), 4 light- 
wave mixing (FWM:Four Wave Mixing) (reference 3- A.Andrekson, Electron.Lett.27, p.1440, 1991) which is 
the 3rd nonlinear optical effect is used. A lightwave signal and the cross-correlation lightwave signal of a 
sampling light pulse are generated. 
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[0015] Drawin g 2 (a), (b), and (c) The relation of the optical frequency in SFG, DFG, and FWM is shown, 
respectively. SFG is drawing 2 (a). It is optical frequency omegasig so that it may be shown. A lightwave 
signal and optical frequency omegasam When incidence of the two light waves of a sampling light pulse is 
carried out to the secondary non-linear optical material, it is the phenomenon which the light of peace 
optical frequency omegasfg (=omega sam+omega sig) generates. DFG is drawing 2 (b). It is optical 
frequency omegasig so that it may be shown. A lightwave signal and optical frequency omegasam It is the 
phenomenon which the light of optical frequency omegadfg (=omega sam-omega sig) of a difference 
generates from a sampling light pulse. 

[0016] Although FWM is a phenomenon which a new light (optical frequency omega4=omega1+omega2- 
omega3) generally generates from three incident light (optical frequency omegal, omega2, and omega3), in 
applying to an optical sampling, since a configuration becomes complicated, using three kinds of light uses 
FWM to which two light waves usually degenerated (omegal =omega2). omega 1 and omega 2 ****** — the 
sampling light pulse of optical frequency omegasam — incidence — carrying out — omega 3 ****** — 
optical frequency omegasig carrying out incidence of the lightwave signal — drawing 2 (c) The light of 
optical frequency omegafwm (=2omega sam-omega sig) is generated so that it may be shown. [ namely, ] 
[0017] Here, the repeat frequency of a sampling light pulse is the basic clock frequency fO of a lightwave 
signal. 1/n1 By comparing, since only deltaf is small, the sweep of the sampling light pulse will be carried 
out, shifting a relative position with a lightwave signal. Consequently, it changes, as a cross-correlation 
lightwave signal is shown in drawing I , and the envelope serves as a wave to which the time-axis of a 
lightwave signal wave was expanded. By detecting this cross-correlation lightwave signal by the light- 
receiving system, measurement of the histogram of the optical reinforcement of a high-speed lightwave 
signal is attained (the above-mentioned reference 2). 

[0018] That is, a cross-correlation lightwave signal is changed into an electrical signal with an 
optical/electrical converter 4, and is inputted into the electrical signal processing means 5. With the 
electrical signal processing means 5, detection and analysis of the peak value of a cross-correlation 
electrical signal are performed, and the histogram of optical reinforcement as shown in drawing 3 is 
measured. And the inside of the sampling point which constitutes the histogram of this optical 
reinforcement, Threshold level muthl defined beforehand A high point group is made into "level 1." 
moreover, threshold level muthO defined separately a low point group — "level 0" — carrying out — "level 
1" and "level 0" — the average mu 1 within each existing mean time, and mu 0 With Difference mu "level 
1" and "level 0" — ratio Q=mu/(sigma1+sigma0) of the sum (sigmal+sigmaO) of the standard deviation 
value within each mean time concerned — (3) is calculated as a signal-to-noise-ratio multiplier (claim 3). 
[0019] Here, they are above threshold level muthl and muthO. An example of the approach of determining 
is explained with reference to drawing_4 (claim 4). First, the electrical signal processing means 5 is mean 
value mum about the level when asking for the histogram of level from the sampling point beforehand 
measured in specific time amount, integrating with the number of sampling points from the level maximum 
of this histogram, and becoming equal to the number Nmiddle of sampling points. It carries out. In addition, 
the number Nmiddle of sampling points is Nmiddle=NtotalxDxM, when the duty ratio (ratio of pulse width 
and a time slot) of Ntotal and a lightwave signal is set to D and it sets a mark rate (probability of 
occurrence of the mark "1 " in digital transmission) to M for the total number of sampling points. — It asks 
as (4). Moreover, the average mu 1 of "level 1" mu1 =2(micrometer-mu 0)+mu0 — It is assumed that it is 
(5). 

[0020] next, the level to which the number of sampling points serves as peak value from a level minimum 
value side in the above-mentioned histogram at the beginning — the average mu 0 of "level 0" ** — it 
carries out. Moreover, "level 0" and threshold level muthO of "level 1", and muthl muthO =mu0+alpha(mu1- 
muO) muthl =mu1 -alpha (mu1-mu0) — It sets up with (6). However, 0< alpha<0.5 It carries out. this — (6) 
types if (5) types are substituted — muthO =2alphamum+(1-2alpha) muOmicrothl =2(1-alpha) mum-(1- 
2alpha) muO — (7) is obtained. 

[0021] threshold level muthO determined by the above approach, and muthl the histogram of the optical 
reinforcement calculated from total measured value — the average mu 1 of "level 1 " and "level 0", and mu 
0 And standard deviation sigmal and sigmaO It asks and an average signal-to-noise-ratio multiplier (Q 
value) is calculated from these values. 

[0022] This signal-to-noise-ratio multiplier Q is the physical quantity corresponding to 1 to 1 to the signal- 
to-noise ratio of a lightwave signal. Therefore, the quality of the transmitted lightwave signal can be 
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inspected by calculating this Q value. 

[0023] Draw]ng_5 is [ the average Q value calculated by the above-mentioned approach, and ] time amount 
tO. Relation with the Q value which can be set is shown, drawing — alpha — 0.1 If it carries out, in order 
that the number of sampling points may decrease, dispersion in average Q value becomes large. On the 
other hand, it is alpha. Since the measured value near the cross point of an eye pattern is contained when 
it becomes 0.4 or more, the value of average Q value becomes low and the accuracy of measurement 
worsens. On the other hand, 0.K alpha<0.4 Since the number of sampling points is also enough and the 
effect of a cross point can also be avoided, a case is average Q value and time amount tO. Correlation good 
between the Q value which can be set is acquired. In addition, in this example, a correlation coefficient is 
carried out and the high value of **** 0.99 is acquired. 

[0024] (7) it sets at a ceremony — O.K alpha<0.4 setting up — each threshold level muthO and muthl By 
determining, the lightwave signal quality of a transmission line can be supervised with a sufficient precision. 
[ therefore, ] 

[0025] Moreover, the inside of the sampling point which constitutes a histogram as shown in drawing_6 , the 
inside of two fields appointed beforehand — the point group in a high level field — "level 1" — carrying 
out — the point group in a low level field — "level 0" — carrying out — "level 1" and "level 0" — with 
difference mu' of the average-value level within between each existing mean time "level 1 " and "level 0" - 
- ratio Q=mu7(sigma1+sigma0) of the sum (sigmal+sigmaO) of the standard deviation value within each 
mean time concerned — (8) may be calculated as a signal-to-noise-ratio multiplier (claim 5). 
[0026] in addition — in this case — for example, the inside of the sampling point beforehand measured in 
specific time amount — maximum and the minimum value — respectively — mumax and mumin ** — 
when it carries out, it is shown in drawing 7 — as — the range of "level 1" — " — muthl — the above — 
mumax — following" — carrying out — the range of "level 0" — "micrometerin — the above — muthO — 
following" — then, good (claim 6). 

[0027] As explained above, this invention differs from the error rate measuring method which performs 
incorporation and distinction of data on a frequency equal to the bit rate of a lightwave signal, when [ of 
eye pattern opening currently performed conventionally ] the best. That is, a lightwave signal is sampled, it 
asks for the histogram of optical reinforcement, the monitor of the signal-to-noise^-ratio multiplier (Q 
value) time-average-ized from this histogram is carried out, and the lightwave signal quality monitor of this 
invention is the basic clock frequency fO. It can respond to the lightwave signal of the bit rate NfO (bit/s) of 
the integral multiple of the arbitration of (Hz). Moreover, with the conventional technique, they are dozens 
difficult Gbit/s by using a sampling in the narrow sampling light pulse of pulse width, and the optical field by 
the nonlinear optical effect of a high-speed response. The quality of the above ultra high-speed lightwave 
signal can also be inspected. 
[0028] 

[Embodiment of the Invention] (The 1 st operation gestalt: Claims 1,7,8, 9, and 1 3) Drawing 8 shows the 
1st operation gestalt of the lightwave signal quality monitor of this invention. 

[0029] drawing — setting — a transmission line to basic clock frequency fO The lightwave signal which has 
bit rate N-f0 (bit/s) (N= 1 , 2, — ) of the integral multiple of (Hz) is inputted, and a part of the lightwave 
signal branches by the optical turnout 51-1. At this time, in order to oppress transmission characteristic 
degradation by branching loss, the smaller possible one of the branching ratio of the monitor port to a 
transmission-line port is good. The lightwave signal outputted from the monitor port of the optical turnout 
51-1 dichotomizes by the optical turnout 51-2 further. 

[0030] While branching by the optical turnout 51-2, it is inputted into the timing clock generating means 11, 
and a lightwave signal is the basic clock frequency fO. Timing clock (or it added) f0-/n1-deltaf which 
extracted (Hz) and lengthened offset frequency deltaf (Hz) from 1 for the integer (Hz) (or f0/n1+deltaf 
(Hz)) It generates. This timing clock is used for the short light pulse generating means 12, and a repeat 
frequency is f0-/n1 -deltaf. A sampling light pulse train with pulse width narrower enough than the time slot 
of a lightwave signal is generated in (Hz) (or f0/n1+deltaf (Hz)). 

[0031] It is multiplexed with the optical multiplexing vessel 2, and the sampling light pulse train outputted 
from the lightwave signal of another side and the short light pulse generating means 12 which branched by 
the optical turnout 51-2 is inputted into a non-linear optical material 3. A non-linear optical material 3 
generates a lightwave signal and the cross-correlation lightwave signal (SFG, DFG, FWM) of a sampling light 
pulse. This cross-correlation lightwave signal is changed into a cross-correlation electrical signal with an 
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optical/electrical converter 4, and is inputted into the electrical signal processing means 5. The electrical 
signal processing means 5 performs detection and analysis of the peak value of this cross-correlation 
electrical signal, and measures a histogram as shown in drawing 3 . With the electrical signal processing 
means 5, it asks for the signal-to-noise-ratio multiplier Q based on the principle mentioned above, and the 
quality of a lightwave signal is inspected. In the optical-fiber-transmission network where the digital 
lightwave signal of a different bit rate is transmitted by this, it cannot be based on the bit rate of a 
lightwave signal, but quality inspection of a lightwave signal can be conducted by single system of 
measurement. 

[0032] Here, response relation with the basic configuration shown in drawing 1 is shown. The timing clock 
generating means 1 1 and the short light pulse generating means 12 are equivalent to the sampling light 
pulse generating means 1 . The thing of the other same signs corresponds as it is. In addition, at this 
operation gestalt, it is the basic clock frequency fO of a lightwave signal with the timing clock generating 
means 1 1. In order to extract, the optical turnout 51-1 and the configuration which uses 51-2 and 
branches in a part of lightwave signal of a transmission line are taken. 

[0033] Drayyjng 9 shows the example of a configuration of a timing clock generating means. Drawing 9 (a) 
Setting, the basic bit rate timing generation means 13 is a bit rate N and fO. A lightwave signal to basic 
clock frequency fO The clock frequencies f0/n1 of 1 for an integer are generated. An oscillator 14 
generates offset frequency deltaf. A mixer 15 mixes clock frequencies f0/n1 and offset frequency deltaf, 
and generates the timing clock of frequency f0/n1 **deltaf (Hz), and a band pass filter 18 outputs only the 
frequency component of f0-/n1 -deltaf (Hz) or f0/n1+deltaf (Hz) from a mixer output. 
[0034] Here, the setting-out approach of offset frequency deltaf is explained. Drawin g 10 is a timing 
diagram which shows the relation on the time-axis of a lightwave signal, sampling light, and the generated 
sum cycle light. The repeat frequency of sampling light is 1 of the repeat frequency fO of a lightwave 
signal/n1. Since only deltaf is small compared with dividing, as shown in drawing 10 , the sweep of the 
sampling light pulse will be carried out deltaT Shifting a relative position with a lightwave signal each time. 
Gap deltaT of this relative position is the repeat period Ts (= 1/fs) of sampling light, 1 of a lightwave 
signal/n1. It is the difference of periodic n1T0 (T0=1/f0) of dividing, and is [0035], 
[Equation 1] 

AT=Ts-niT« = — — ^- ^TT" "* C9) 

_LS Af *« f« 

III 

[0036] It is expressed. It is the period TO of a lightwave signal about gap deltaT of this relative position. n2 
It considers as the sum of step time deltaT of twice and a sampling. Namely, deltaT=n2T0+deltaT — It is 
referred to as (10). This means sampling a lightwave signal wave by step time deltaT of a sampling. At this 
time, it is (9). From a formula and (10) types, deltaf is [0037]. 
[Equation 2] 

Af = — - — — ~<M 

jii(iij + n t + f 8 <5T) 

[0038] It becomes. In addition, n1 and n2 It is the natural number. Therefore, a lightwave signal wave can 
be sampled by desired amount of sampling steps deltaT by setting up offset frequency deltaf by (1 1) types. 
Moreover, n1 And n2 By choosing combination suitably, an offset frequency and a timing clock can be set 
up according to the band of the sampling light source or a signal-processing system. 
[0039] The time resolution in the sampling of this invention is dependent on pulse width deltatau of the 
sampling light pulse mainly generated with the short light pulse generating means 12, and the speed of 
response of a non-linear optical material 3. As a short light pulse generating means 1 2, mode locking fiber 
laser, mode locking semiconductor laser, gain switching semiconductor laser, etc. can be used. The short 
light pulse of 1 or less ps of pulse width can be generated by using these light sources now. KTP 
(molecular formula KTiOP04) which is the secondary non-linear optical material about SFG and DFG as a 
non-linear optical material 3 LiNb03 etc. — organic materials, such as an inorganic material and AANP, 
semiconductor waveguide, etc. can be used. About FWM, quartz system optical waveguides, such as an 
optical fiber which is the 3rd non-linear optical material, can be used. The speed of responses of these 
ingredients are all. They are 0.1 or less pses. Therefore, 1 or less ps of time resolution is possible by using 
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the above thing. In addition, this is number of bit rates 100 Gbit/s. It corresponds. 
[0040] As an optical multiplexing machine 2, although the usual optical coupler may be used, a sampling 
light pulse and a lightwave signal can be multiplexed by low loss by using a wavelength multiplexing coupler. 
Moreover, when the polarization direction of a sampling light pulse and a lightwave signal lies at right 
angles, it may be made to carry out polarization multiplex by the polarization beam splitter. 
[0041] In addition, in using SFG or DFG as a nonlinear optical effect, the non-linear optical materials which 
can be used according to the polarization direction of a lightwave signal and a sampling light pulse differ. 
When the polarization directions of both light are parallel, and polarization of two basic light is parallel, it is 
necessary to use the secondary non-linear optical material which performs "type I phase matching" which 
cross-correlation light generates efficiently. On the other hand, when the polarization direction of both light 
is a rectangular cross, and polarization of two basic light is a rectangular cross, it is necessary to use the 
secondary non-linear optical material which performs "type II phase matching" which cross-correlation 
light generates efficiently (the above-mentioned reference 2). In using FWM as a nonlinear optical effect, in 
order to generate cross-correlation light efficiently, it is necessary to set the polarization direction of a 
lightwave signal and a sampling light pulse as parallel. 

[0042] Moreover, what is necessary is just to amplify the peak power of a lightwave signal and a sampling 
light pulse with the light amplifier arranged before and after the optical multiplexing machine 2, if the 
conversion efficiency of the non-linear optical material 3 to be used is inadequate. As a light amplifier, the 
. light amplifier and semiconductor laser amplifier using the rare earth addition fiber which added rare earth 
can be used. 

[0043] Moreover, a lightwave signal and a sampling light pulse are contained in the output light of a non- 
linear optical material 3 besides the sum cycle light (or difference cycle light or 4 light-wave mixing light) 
which is a cross-correlation lightwave signal. Moreover, depending on conditions, the second higher 
harmonic of a lightwave signal or a sampling light pulse may also be generated. What is necessary is to 
insert the wavelength filter 32 between a non-linear optical material 3 and an optical/electrical converter 
4, and to choose only a cross-correlation lightwave signal, in degrading the signal-to-nbise ratio of the 
cross-correlation lightwave signal which such light measures. 

[0044] (The 2nd operation gestalt: Claims 1, 7, 10, 1 1, and 13) Drawing 1 1 shows the 2nd operation gestalt 
of the lightwave signal quality monitor of this invention. It replaces with the timing clock generating means 
11 of the 1st operation gestalt, and the description of this operation gestalt is the basic clock frequency fO. 
It is in the configuration using a timing clock generating means 16 to generate the timing clock of f0-/n1- 
deltaf (or f0/n1+deltaf), from the synchronous-network clock signal which has clock frequency fO / m of 1 
for an integer (m= 1 , 2, — ). In addition, what is necessary is just to set up offset frequency deltaf based on 
the above-mentioned (11) types. Other configurations are the same as that of the 1st operation gestalt. 
[0045] The configuration of the timing clock generating means 16 is drawing 9 (b). It is the network 
synchronization clock signal of bit rate fO / m to the basic clock frequency fO so that it may be shown. 
What is necessary is just to use a basic bit rate timing generation means 17 to generate the clock 
frequencies f0/n1 of 1 for an integer. 

[0046] Moreover, as it replaces with the timing clock generating means 1 1 ( drawing 9 (a)) of the 1st 
operation gestalt, and the timing clock generating means 1 6 ( drawing_9 (b)) of the 2nd operation gestalt 
and is shown in drawing. 9 (c) The oscillator which oscillates timing clock f0-/n1 -deltaf or f0-/n 1 +deltaf 
which adjusted offset frequency deltaf of (1 1) types from the clock frequencies f0/n1 of 1 for an integer of 
a basic clock frequency may be used as a timing clock generating means (claim 12). 

[0047] (The 3rd operation gestalt: Claims 1, 7, 8, 13, and 14) Drawing 12 shows the 3rd operation gestalt of 
the lightwave signal quality monitor of this invention. Generally the nonlinear optical effect used by this 
invention has the polarization dependency, and the cross-correlation lightwave signal power generated 
according to the polarization condition of the lightwave signal to input changes. This operation gestalt has 
the composition of removing this polarization dependency. 

[0048] Namely, an input and an output use two ports of a certain polarization beam splitters 21 at a time 
as an optical multiplexing machine 2 in the 1 st operation gestalt. Input a lightwave signal and a sampling 
light pulse train into each input port, and a non-linear optical material 3-1, 3-2, the wavelength filter 32-1, 
32-2, an optical/electrical converter 4-1, and 4-2 are connected to each output port. It is the 
configuration of adding the cross-correlation electrical signal outputted from each optical/electrical 
converter in an adder circuit 22, and inputting it into the electrical signal processing means 5. 
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[0049] Here, polarization of the sampling light pulse train inputted into the polarization beam splitter 21 is 
set as the linearly polarized light which inclined 45 degrees to the polarization main shaft of the polarization 
beam splitter 21. At this time, the lightwave signal inputted into the polarization beam splitter 21 and a 
sampling light pulse train are divided into two polarization components (Psig.p, Psig.s), and (Psam.p and 
Psam.s) which intersect perpendicularly, respectively. And polarization composition is carried out and 
components (Psig.p, Psam.s), and (Psig.s and Psam.p) which intersect perpendicularly mutually [ 2 light ] 
are outputted to each output port. The lightwave signal and sampling light pulse train which were outputted 
to each output port are changed into a cross-correlation lightwave signal by the non-linear optical material 
3-1 prepared according to the individual, respectively, and 3-2, and are further changed into a cross- 
correlation electrical signal by the optical/electrical converter 4-1 and 4-2. These two cross-correlation 
electrical signals are added in an adder circuit 22, are inputted into the electrical signal processing means 
5, are processed like the 1 st operation gestalt, ask for the signal-to-noise-ratio multiplier Q, and inspect 
the quality of a lightwave signal. 

[0050] With this operation gestalt, two polarization component Psam.p after the polarization beam splitter 
21 and Psam.s are made equal by making polarization of a sampling light pulse train into the linearly 
polarized light which inclined 45 degrees to the polarization main shaft of the polarization beam splitter 21. 
That is, it is Psam about all the power of a sampling light pulse train. When it carries out, it is 
Psam.p=Psam.s= O.SPsam. — It is set to (12). On the other hand, the polarization condition at the time of 
carrying out incidence of the lightwave signal to the polarization beam splitter 21 is not being fixed. 
Therefore, a lightwave signal is divided into two polarization component Psig.p of the power ratio of 
arbitration, and Psig.s by the polarization beam splitter 21. However, it is fixed and the sum of these two 
components is Psig about all the power of a lightwave signal. It is Psig.p+Psig.s=Psig when it carries out. — 
It is set to (13). 

[0051] The sum total Pint of the power of a cross— correlation lightwave signal which will be generated here 
in a non-linear optical material 3-1 and 3-2 if conversion efficiency of a nonlinear optical effect is set to 
eta Pint =etaPsig.p Psam. s+eta Psig.s Psam.p — It is set to (14). (14) When (T2) types and (13) types are 
substituted for a formula, it is Pint = 0.5etaPsig Psam. — It is set to (15). This (15) type means that the 
sum of two cross-correlation lightwave signals is not dependent on the polarization condition of the 
lightwave signal inputted. 

[0052] However, (15) types may not be materialized according to the individual difference of a gap of the 
branching ratio of the polarization beam splitter 21 , and the conversion efficiency of two non-linear optical 
materials, but a polarization dependency may arise slightly. In this case, what is necessary is just to 
perform weighting suitably for the level of two cross-correlation electrical signals in an adder circuit 22 so 
that the level of the added cross-correlation electrical signal may not be dependent on the polarization 
condition of a lightwave signal. 

[0053] By carrying out the monitor of the S/N sequence with such a configuration, quality inspection of 
the lightwave signal stabilized without not being based on the bit rate of a lightwave signal, and being based 
on the polarization condition of a lightwave signal can be conducted. 

[0054] In addition, also in this operation gestalt, it may replace with the timing clock generating means 1 1 , 
and a timing clock generating means 16 to generate the timing clock of fO / nl-deltaf (or f0/n1+deltaf) 
from the network synchronization clock signal of bit rate fO / m may be used like the 2nd operation gestalt 
(claim 10). Moreover, the timing clock generating means which consists of only oscillators as mentioned 
above may be used (claim 1 2). 

[0055] (The 4th operation gestalt: Claims 1, 7, 8, 13, and 15) Drawing 13 shows the 4th operation gestalt of 
the lightwave signal quality monitor of this invention. The description of this operation gestalt is replaced 
with the adder circuit 22 of the 3rd operation gestalt, doubles the timing of two cross-correlation lightwave 
signals with the optical delay means 23, and is in the configuration which carries out polarization 
composition by the polarization beam splitter 24 and which is inputted into an optical/electrical converter 
4. Other configurations are the same as that of the 3rd operation gestalt. 

[0056] (The 5th operation gestalt: Claims 1, 7, 10, and 16) Drawjng 14 shows the 5th operation gestalt of 
the lightwave signal quality monitor of this invention, the 1- with the 4th operation gestalt, in order to 
inspect the quality of the lightwave signal of a transmission line, it is necessary to branch a part of 
lightwave signal by the optical turnout 51-1, and loss of the lightwave signal of a transmission line is not 
avoided. Moreover, if the branching ratio to a monitor system is made low in order to suppress this 
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lightwave signal loss to the minimum, even if it amplifies with a light amplifier, a signal-to-noise ratio will 
deteriorate and sufficient cross-correlation lightwave signal will not be acquired. 

[0057] The description of this operation gestalt is in the configuration which reduces the loss done to the 
lightwave signal of a transmission line by inputting a sampling light pulse train into a transmission line, 
generating a cross-correlation lightwave signal, and carrying out wavelength separation of a lightwave 
signal and the cross-correlation lightwave signal. 

[0058] That is, the sampling light pulse train of frequency f0-/n1-deltaf (or fO/nl+deltaf) is repeatedly 
generated from the network synchronization clock signal of bit rate fO / m with the timing clock generating 
means 16 and the short light pulse generating means 12. On the other hand, the optical multiplexing 
machine 2, a non-linear optical material 3, and the wavelength filter 33 are inserted all over a transmission 
line, it multiplexs with the optical multiplexing vessel 2, the lightwave signal and sampling light pulse train 
which have been sent from the transmission line of the upstream are inputted into a non-linear optical 
material 3, and a cross-correlation lightwave signal is generated. 

[0059] The output light of a non-linear optical material 3 is the sum cycle light (optical frequency omegasfg 
=omega sam+omega sig), difference cycle light (optical frequency omegasfg =omega sam-omega sig), or 4 
light-wave mixing light (optical frequency omegafwm =2omega sam-omega sig) which is a lightwave signal 
(optical frequency omegasig), a sampling light pulse (optical frequency omegasam), and a cross-correlation 
lightwave signal. Moreover, depending on conditions, the second higher harmonic (optical frequency sig of 
2omega) of a lightwave signal and the second optical frequency (sam) higher harmonic of 2omega of a 
sampling light pulse may occur. The wavelength filter 33 separates a lightwave signal and a cross- 
correlation lightwave signal into a different port according to an individual from such light. And the 
separated lightwave signal is sent out to a down-stream transmission line, a cross-correlation lightwave 
signal is inputted into an optical/electrical converter 4, and it changes into a cross-correlation electrical 
signal, and it processes like the 1 st operation gestalt with the electrical signal processing means 5, and 
asks for the signal-to-noise-ratio multiplier Q, and the quality of a lightwave signal is inspected. 
[0060] Quality inspection of a lightwave signal can be conducted without not being based on the bit rate of 
a lightwave signal, and degrading the S/N of the lightwave signal of a transmission line by carrying out the 
monitor of the S/N sequence with such a configuration. 

[0061] (The 6th operation gestalt: Claims 1 f 7, 1Q, 16, and 17) Drawing 1 5 shows the 6th operation gestalt 
of the lightwave signal quality monitor of this invention. The description of this operation gestalt is in the 
configuration which combined the 3rd operation gestalt and the 5th operation gestalt. That is, it has the 
composition of it not being dependent on the polarization condition of a lightwave signal, and reducing loss 
of the lightwave signal of a transmission line. 

[0062] Incidence of the lightwave signal sent from the transmission line of the upstream and the sampling 
light pulse train is carried out from input port which is different in the polarization beam splitter 21. At this 
time, polarization of a sampling light pulse train is set as the linearly polarized light which inclined 45 
degrees to the polarization main shaft of the polarization beam splitter 21. In the polarization beam splitter 
21, it separates into two polarization components (Psig.p, Psig.s), and (Psam.p, Psam.s) which intersect 
perpendicularly, and a lightwave signal and a sampling light pulse train are outputted to the components 
(Psig.p, Psam.s) which intersect perpendicularly mutually [ 2 light ], and the output port where polarization 
composition is carried out and Psig.s differs from (Psam.p), respectively. 

[0063] The lightwave signal and sampling light pulse train which were outputted to each output port are 
changed into a cross-correlation lightwave signal by the non-linear optical material 3-1 prepared according 
to the individual, respectively, and 3-2, and are further divided into a lightwave signal and a cross- 
correlation lightwave signal by the wavelength filter 33-1 and 33-2, respectively. Two separated lightwave 
signals double timing with the optical delay means 25, carry out polarization composition by the polarization 
beam splitter 26, and are sent out to the transmission line of the downstream. On the other hand, two 
separated cross-correlation lightwave signals are changed into a cross-correlation electrical signal by the 
optical/electrical converter 4-1 and 4-2, respectively, are added further in an adder circuit 22, are inputted 
into the electrical signal processing means 5, are processed like the 1st operation gestalt, ask for the 
signal-to-noise-ratio multiplier Q, and inspect the quality of a lightwave signal. 

[0064] Quality inspection of the lightwave signal stabilized without being further based on the polarization 
condition of a lightwave signal can be conducted without not being based on the bit rate of a lightwave 
signal, and degrading the S/N of the lightwave signal of a transmission line by carrying out the monitor of 
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the S/N sequence with such a configuration. 

[0065] (The 7th operation gestalt: Claims 1, 7, 10, 16 B and 18) Drawing 1 6 shows the 7th operation gestalt 
of the lightwave signal quality monitor of this invention. The description of this operation gestalt is in the 
configuration which combined the 4th operation gestalt and the 5th operation gestalt. That is, it has the 
composition of it not being dependent on the polarization condition of a lightwave signal, and reducing loss 
of the lightwave signal of a transmission line. 

[0066] It is the configuration of replacing with the adder circuit 22 of the 6th operation gestalt, doubling the 
timing of two cross-correlation lightwave signals with the optical delay means 23 in this operation gestalt, 
carrying out polarization composition by the polarization beam splitter 24, and inputting into an 
optical/ electrical converter 4. Other configurations are the same as that of the 6th operation gestalt. 
[0067] (The 8th operation gestalt: Claim 2) Drawing 1 7 shows the 8th operation gestalt of the lightwave 
signal quality monitor of this invention, drawing — setting — a transmission line to basic clock frequency 
fO The lightwave signal which has bit rate N and fO (bit/s) of the integral multiple of (Hz) (N= 1, 2, — ) is 
inputted, and a part of the lightwave signal branches by the optical turnout 51. At this time, in order to 
oppress transmission characteristic degradation by branching loss, the smaller possible one of the 
branching ratio of the monitor port to a transmission-line port is good. The lightwave signal which branched 
by the optical turnout 51 is changed into an electrical signal with an optical/electrical converter 61, and is 
inputted into the electrical signal processing means 62. In addition, what is necessary is just to amplify 
using a light amplifier, if the reinforcement of the lightwave signal inputted into an optical/electrical 
converter 61 is insufficient. 

[0068] The timing clock generating means 63 is the basic clock frequency fO. Frequency f0-/n1-deltaf 
which adjusted offset frequency deltaf (Hz) from 1 for an integer of (Hz) (Hz) or fO/nl+deltaf The timing 
clock of (Hz) is generated. In addition, the timing clock generating means 63 is drawing^ ( a ) and (b). The 
shown configuration or draw ing 9 (c) Any of the configuration of only the shown oscillator are sufficient 
(claims 9, 11, and 12). In addition, drawin g 9 (a) In taking a configuration, an optical turnout is arranged 
between the optical turnout 51 and an optical/electrical converter 61, and it inputs the branched lightwave 
signal into the timing clock generating means 63. Moreover, drawing 9 (b) In taking a configuration, it inputs 
a synchronous-network clock signal into the timing clock generating means 63. 

[0069] The electrical signal processing means 62 samples an electrical signal using this timing clock, and 
measures the histogram of optical reinforcement, and the sampling point which constitutes the histogram 
to "level 1 " and "level 0" — the difference of the average-value level within between each existing mean 
time, and "level 1 " and "level 0" — the time amount from the ratio of the sum of the standard deviation 
value within each mean time concerned — average Q value is calculated and the quality of a lightwave 
signal is inspected. 

[0070] The description of this operation gestalt is in the place which performs a sampling in an electric 
stage instead of the sampling by **** shown in drawing 1 and each above-mentioned operation gestalt. 
Performance monitoring of the lightwave signal of the bit rate of arbitration can be performed like [ the 
configuration of this operation gestalt ] each above-mentioned operation gestalt (claims 3-6). However, the 
bit rates of the lightwave signal which can respond are dozens Gbit/s by the band and processing speed of 
an optical/ electrical converter or an electrical signal processing means. It is restricted to extent. However, 
to the optical-fiber-transmission network where it turns out that the highest bit rate does not exceed this 
limit, it is applicable. 
[0071] 

[Effect of the Invention] With the conventional technique, they are dozens difficult Gbit/s by the lightwave 
signal quality monitor of this invention sampling a lightwave signal, as explained above, and asking for the 
histogram of optical reinforcement, carrying out the monitor of the signal-to-noise-ratio multiplier (Q 
value) time-average-ized from this histogram, and using a sampling in an optical field. The quality of the 
above ultra high-speed lightwave signal can be inspected. Namely, 1 Mbit/s From class 100 Gbit/s The 
monitor of the quality of the signal of two or more bit rates far-reaching [ with a signal ] can be carried out 
in a single monitor circuit. 

[0072] Moreover, dozens Gbit/s It is possible to carry out the monitor of the signal-to-noise-ratio 
multiplier (Q value) to the quality inspection of the lightwave signal to extent also by the configuration 
which performs a sampling in an electric stage. 

[0073] In addition, in the optical-fiber-transmission network using the light amplifier as a repeater, although 
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a signal bit rate can be chosen flexibly, the lightwave signal quality monitor of this invention can carry out 
the monitor of the quality of the lightwave signal in such an optical-fiber-transmission network. Moreover, 
it is applicable not only to SDH but the transmission line which transmits a PDH signal by expanding or 
changing a bit rate in the range in which a sampling light pulse generating means can respond. 
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[Field of the Invention] This invention relates to the lightwave signal quality monitor which carries out the 
monitor of the signal-to-noise ratio of a lightwave signal in the optical-fiber^transmission network where 
the digital lightwave signal of a different bit rate is transmitted. 
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PRIOR ART 



[Description of the Prior Art] In SDH (Synchronous Digital Hierarchy) which became global unification 
network ladder structure in the 1990s, identification and the change seizing signal of the failure section 
have been acquired by carrying out parity check called bit interleave parity between the multiplexing 
terminal offices (BIP-Nx24) between repeaters (BIP-8), respectively. Here, N is N of STM-N showing the 
number of multiplexing, and is 156 Mbit/s. The ladder of the integral multiple is expressed as STM-N on the 
basis of STM-1. In addition, N= 1, and 4, 16 and 64 are recognized internationally. BIP-M means the parity 
check in every M bits, and a M-bit check bit is obtained. Parity check with parallel M bits of the signal in a 
frame is performed by the transmitting side, the check bit is stored in the following frame, and it transmits 
with the main signal. In a receiving side, same parity check is conducted and a transmission error is 
detected by collating with the check bit stored in the predetermined location of degree frame. 
[0003] Drawin g 1 8 shows the example of a configuration of the conventional error rate system of 
measurement. In drawing, a part of lightwave signal from a transmission line branches by the optical turnout 
51-1, it is amplified with a light amplifier 52; and dichotomizes by the optical turnout 51-2 further. While 
branching by the optical turnout 51-2, it is inputted into the clock extract circuit 53, and a lightwave signal 
is the bit rate NfO of a lightwave signal. Clock fO which responded It is extracted. The lightwave signal of 
another side which branched by the optical turnout 51-2 is inputted into a receiving circuit 54, and is 
inputted into the error rate detector 55 where the output consists of a frame detector, a parity check 
circuit, and a correlation circuit further. A receiving circuit 54 and the error rate detector 55 are the clock 
fO extracted in the clock extract circuit 53. It responds and operates and the error rate of a lightwave 
signal is measured. In addition, the thing of the configuration according to the bit rate of a lightwave signal 
is required for the clock extract circuit 53, a receiving circuit 54, and the error rate detector 55. That is, in 
order to perform error rate detection corresponding to two or more bit rates, it is necessary to prepare the 
circuit corresponding to each bit rate, and cannot respond in a single circuit. 

[0004] By the way, in order to evaluate a transmission system, the method of measuring the error rate of a 
signal directly is common. However, by this approach, there was a problem to which the measuring time 
becomes this thing for a long time in the case of a very low error rate, and working efficiency becomes low. 

[0005] Then, the method of presuming the error rate in the optimal operating point from the inclination of 
the error rate acquired when changing the threshold of a discrimination circuit was devised (reference 
1:N.S.Bergano et al., "Margin Measurement in Optical Amplifier Systems", IEEE Photonics Technology 
Letters, vol.5, no.3, pp.304-306). . The eye pattern and the histogram on the strength [ optical ] of a 
lightwave signal are shown in drawing 19 . When eye opening of this eye pattern becomes max (discernment 
point), byjchanging the threshold of a discrimination circuit, "yes" or "1" level in binary transmission, and a 
"low" or "0" level are distinguished, and the rate of the error at that time is measured. 
[0006] The system of measurement by the clock extract circuit 53 as shown in drawing 20 , the 
optical/electrical converter 56, and the electrical signal processing means 57 is constituted actually, and it 
is considering as the assessment index in quest of the Q value which is equivalent to a signal-to-noise 
ratio from the threshold dependency of an error rate. That is, a part of lightwave signal from a transmission 
line is changed into an electrical signal with an optical/electrical converter 56, the clock extracted in this 
electrical signal and the clock extract circuit 53 is inputted into an electrical signal processing means 57 
like a sampling oscilloscope, and an eye pattern like drawing 19 and a histogram on the strength [ optical ] 
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are obtained. 

[0007] Time amount tO from which eye opening of this eye pattern serves as max Set and signal amplitude 
(for example, electrical-potential-difference value) is set to mu (tO). When the standard deviation of the 
noise of "yes" or "1 " level in binary transmission is set to sigmaO (tO), Q (tO) value the standard deviation 
of the noise of sigmal (tO), "low", or "0" level Q(t0) =mu(tO)/(sigma1(tO)+sigmaO (tO)) — It defines as (1). 
On the other hand, when the noise amplitude distribution of a gauss mold is assumed, in the low field of an 
error rate, error rate P and Q value are P=(1/(Q(2pi) 1/2)) exp (-Q2/2). — There is relation as shown in 
(2). Therefore, if Q value can be measured, a transmission-line error rate can be presumed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] With the conventional technique, they are dozens difficult Gbit/s by the lightwave 
signal quality monitor of this invention sampling a lightwave signal, as explained above, and asking for the 
histogram of optical reinforcement, carrying out the monitor of the signal-to-noise-ratio multiplier (Q 
value) time-average-ized from this histogram, and using a sampling in an optical field. The quality of the 
above ultra high-speed lightwave signal can be inspected. Namely, 1 Mbit/s From class 100 Gbit/s The 
monitor of the quality of the signal of two or more bit rates far-reaching [ with a signal ] can be carried out 
in a single monitor circuit. 

[0072] Moreover, dozens Gbit/s It is possible to carry out the monitor of the signal-to-noise-ratio 
multiplier (Q value) to the quality inspection of the lightwave signal to extent also by the configuration 
which performs a sampling in an electric stage. 

[0073] In addition, in the optical-fiber-transmission network using the light amplifier as a repeater, although 
a signal bit rate can be chosen flexibly, the lightwave signal quality monitor of this invention can carry out 
the monitor of the quality of the lightwave signal in such an optical-fiber-transmission network. Moreover, 
it is applicable not only to SDH but the transmission line which transmits a PDH signal by expanding or 
changing a bit rate in the range in which a sampling light pulse generating means can respond. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since the wave was sampled after the conventional Q 
value system of measurement changed the lightwave signal into the electrical signal, as shown in drawing 
20 , and Q value was calculated, the bit rate of the lightwave signal which can respond with the band and 
processing speed of an optical/electrical converter or an electrical signal processing circuit was restricted 
to 40 Gbit/s extent. 

[0009] Moreover, since the Q value in the event of eye opening serving as max was measured, it was not 
able to respond to the digital lightwave signal of a different bit rate. Moreover, since the conventional Q 
value system of measurement needs to branch the lightwave signal for monitors from a transmission line, 
loss by branching arises in the lightwave signal on a transmission line, and it has become the factor which 
degrades a signal-to-noise ratio. 

[0010] This invention aims at offering the lightwave signal quality monitor which cannot be based on the bit 
rate of a measuring beam-ed signal, but can carry out the monitor of the signal-to-noise ratio in a single 
circuit in the optical-fiberrtransmission network where the digital lightwave signal of a different bit rate is 
transmitted. 

[0011] Moreover, this invention is dozens Gbit/s. It aims at offering the lightwave signal quality monitor 
which can respond also to the lightwave signal of the above bit rate. Moreover, this invention aims at 
offering the lightwave signal quality monitor which can reduce the effect which it has on the signal-to- 
noise ratio of the lightwave signal of a transmission line. 
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MEANS 



[Means for Solving the Problem] A lightwave signal quality monitor according to claim 1 is a configuration 
which carries out the monitor of the signal-to-noise ratio with an optical means from the statistics 
processing value of the amplitude value of the histogram on the strength [ optical ] by the bit rate of a 
lightwave signal to a sampling point. Hereafter, the basic configuration is explained. 

[0013] Drawing 1 shows the basic configuration of a lightwave signal quality monitor according to claim 1. 
the lightwave signal inputted from a transmission line in drawing — optical frequency omegasig — basic 
clock frequency fO It has bit rate N-fO (bit/s) (N= 1 , 2, — ) of the integral multiple of (Hz). The sampling 
light pulse generating means 1 Optical frequency omegasam, basic clock frequency fO 1 for an integer of 
(Hz) and offset frequency deltaf (Hz) were adjusted — repeating — frequency f0-/n1 -deltaf (Hz) (n (or 
f0/n1+deltaf (Hz)) 1 =1,2, — ) Pulse width deltatau generates a sampling light pulse narrower 
(deltatau«1/NfO) enough than the time slot of a lightwave signal. The optical multiplexing machine 2 
multiplexs and inputs a lightwave signal and a sampling light pulse into a non-linear optical material 3. 
[0014] A non-linear optical material 3 is sum cycle light generating (SFGrSum Frequency Generation) 
(reference 2: Takayoshi others) which is one of the secondary nonlinear optical effects. "The ultra high- 
speed light wave form measuring method by the optical sampling using sum cycle light generating", The 
Institute of Electronics, Information and Communication Engineers paper magazine, B-I, vol.J75-B-I, no.5, 
pp.372-380, 1992 and difference cycle light generating (DFG:Defference Frequency Generation), 4 light- 
wave mixing (FWM:Four Wave Mixing) (reference 3-.A.Andrekson, Electron.Lett.27, p.1440, 1991) which is 
the 3rd nonlinear optical effect is used. A lightwave signal and the cross-correlation lightwave signal of a 
sampling light pulse are generated. 

[0015] Drawing 2 (a), (b), and (c) The relation of the optical frequency in SFG, DFG, and FWM is shown, 
respectively. SFG is drawing 2 (a). It is optical frequency omegasig so that it may be shown. A lightwave 
signal and optical frequency omegasam When incidence of the two light waves of a sampling light pulse is 
carried out to the secondary non-linear optical material, it is the phenomenon which the light of peace 
optical frequency omegasfg (=omega sam+omega sig) generates. DFG is drawing 2 (b). It is optical 
frequency omegasig so that it may be shown. A lightwave signal and optical frequency omegasam It is the 
phenomenon which the light of optical frequency omegadfg (=omega sam-omega sig) of a difference 
generates from a sampling light pulse. 

[0016] Although FWM is a phenomenon which a new light (optical frequency omega4=omega1+omega2- 
omega3) generally generates from three incident light (optical frequency omegal, omega2, and omega3), in 
applying to an optical sampling, since a configuration becomes complicated, using three kinds of light uses 
FWM to which two light waves usually degenerated (omegal =omega2). omega 1 and omega 2 ****** — the 
sampling light pulse of optical frequency omegasam — incidence — carrying out — omega 3 ****** — 
optical frequency omegasig carrying out incidence of the lightwave signal — drawing 2 (c) The light of 
optical frequency omegafwm (=2omega sam-omega sig) is generated so that it may be shown. [ namely, ] 
[0017] Here, the repeat frequency of a sampling light pulse is the basic clock frequency fO of a lightwave 
signal. 1/n1 By comparing, since only deltaf is small, the sweep of the sampling light pulse will be carried 
out, shifting a relative position with a lightwave signal. Consequently, it changes, as a cross-correlation 
lightwave signal is shown in drawjng 1 , and the envelope serves as a wave to which the time-axis of a 
lightwave signal wave was expanded. By detecting this cross-correlation lightwave signal by the light- 
receiving system, measurement of the histogram of the optical reinforcement of a high-speed lightwave 
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signal is attained (the above-mentioned reference 2). 

[0018] That is, a cross-correlation lightwave signal is changed into an electrical signal with an 
optical/electrical converter 4, and is inputted into the electrical signal processing means 5. With the 
electrical signal processing means 5, detection and analysis of the peak value of a cross-correlation 
electrical signal are performed, and the histogram of optical reinforcement as shown in drawing 3 is 
measured. And the inside of the sampling point which constitutes the histogram of this optical 
reinforcement, Threshold level muthl defined beforehand A high point group is made into "level 1." 
moreover, threshold level muthO defined separately a low point group — "level 0" — carrying out — "level 
1" and "level 0" — the average mu 1 within each existing mean time, and mu 0 With Difference mu "level 
1" and "level 0" — ratio Q=mu/(sigma1+sigma0) of the sum (sigmal+sigmaO) of the standard deviation 
value within each mean time concerned — (3) is calculated as a signal-to-noise-ratio multiplier (claim 3). 
[0019] Here, they are above threshold level muthl and muthO. An example of the approach of determining 
is explained with reference to drawin g 4 (claim 4). First, the electrical signal processing means 5 is mean 
value mum about the level when asking for the histogram of level from the sampling point beforehand 
measured in specific time amount, integrating with the number of sampling points from the level maximum 
of this histogram, and becoming equal to the number Nmiddle of sampling points. It carries out. In addition, 
the number Nmiddle of sampling points is Nmiddle=NtotalxDxM, when the duty ratio (ratio of pulse width 
and a time slot) of Ntotal and a lightwave signal is set to D and it sets a mark rate (probability of 
occurrence of the mark "1" in digital transmission) to M for the total number of sampling points. — It asks 
as (4). Moreover, the average mu 1 of "level 1" mu1 =2(micrometer-mu 0)+mu0 — It is assumed that it is 
(5). 

[0020] next, the level to which the number of sampling points serves as peak value from a level minimum 
value side in the above-mentioned histogram at the beginning — the average mu 0 of "level 0" ** — it 
carries out. Moreover, "level 0" and threshold level muthO of "level 1", and muthl muthO =mu0+alpha(mu1- 
muO) muthl =mu1-alpha (mu1-mu0) — It sets up with (6). However, 0< alpha<0.5 It carries out. this — (6) 
types if (5) types are substituted — muthO =2alphamum+(1-2alpha) muOmicrothl =2(1-ialpha) mum-(1- 
2alpha) muO — (7) is obtained. 

[0021] threshold level muthO determined by the above approach, and muthl the histogram of the optical 
reinforcement calculated from total measured value — the average mu 1 of "level 1" and "level 0", and mu 
0 And standard deviation sigmal and sigmaO It asks and an average signal-to-noise-ratio multiplier (Q 
value) is calculated from these values. 

[0022] This signal-to-noise-ratio multiplier Q is the physical quantity corresponding to 1 to 1 to the signal- 
to-noise ratio of a lightwave signal. Therefore, the quality of the transmitted lightwave signal can be 
inspected by calculating this Q value. 

[0023] Drawing 5 is [ the average Q value calculated by the above-mentioned approach, and ] time amount 
tO. Relation with the Q value which can be set is shown, drawing — alpha — 0.1 If it carries out, in order 
that the number of sampling points may decrease, dispersion in average Q value becomes large. On the 
other hand, it is alpha. Since the measured value near the cross point of an eye pattern is contained when 
it becomes 0.4 or more, the value of average Q value becomes low and the accuracy of measurement 
worsens. On the other hand, O.K alpha<0.4 Since the number of sampling points is also enough and the 
effect of a cross point can also be avoided, a case is average Q value and time amount tO. Correlation good 
between the Q value which can be set is acquired. In addition, in this example, a correlation coefficient is 
carried out and the high value of **** 0.99 is acquired. 

[0024] (7) it sets at a ceremony — O.K alpha<0.4 setting up — each threshold level muthO and muthl By 
determining, the lightwave signal quality of a transmission line can be supervised with a sufficient precision. 
[ therefore, ] 

[0025] Moreover, the inside of the sampling point which constitutes a histogram as shown in drawing 6 , the 
inside of two fields appointed beforehand — the point group in a high level field — "level 1" — carrying 
out — the point group in a low level field — "level 0" — carrying out — "level 1" and "level 0" — with 
difference mu' of the average-value level within between each existing mean time "level 1 " and "level 0" - 
- ratio Q=mu'/(sigma1+sigmaO) of the sum (sigmal +sigma0) of the standard deviation value within each 
mean time concerned — (8) may be calculated as a signal-to-noise-ratio multiplier (claim 5). 
[0026] in addition — in this case — for example, the inside of the sampling point beforehand measured in 
specific time amount — maximum and the minimum value — respectively — mumax and mumin ** — 
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when it carries out, it is shown in drawing 7 — as — the range of "level 1" — " — muthl — the above — 
mumax — following" — carrying out — the range of "level 0" — "micrometerin — the above — muthO — 
following" — then, good (claim 6). 

[0027] As explained above, this invention differs from the error rate measuring method which performs 
incorporation and distinction of data on a frequency equal to the bit rate of a lightwave signal, when [ of 
eye pattern opening currently performed conventionally ] the best. That is, a lightwave signal is sampled, it 
asks for the histogram of optical reinforcement, the monitor of the signal-to-noise-ratio multiplier (Q 
value) time-average-ized from this histogram is carried out, and the lightwave signal quality monitor of this 
invention is the basic clock frequency fO. It can respond to the lightwave signal of the bit rate NfO (bit/s) of 
the integral multiple of the arbitration of (Hz). Moreover, with the conventional technique, they are dozens 
difficult Gbit/s by using a sampling in the narrow sampling light pulse of pulse width, and the optical field by 
the nonlinear optical effect of a high-speed response. The quality of the above ultra high-speed lightwave 
signal can also be inspected. 
[0028] 

[Embodiment of the Invention] (The 1st operation gestalt: Claims 1, 7, 8, 9, and 13) DrawingjB shows the 
1 st operation gestalt of the lightwave signal quality monitor of this invention. 

[0029] drawing — setting — a transmission line to basic clock frequency fO The lightwave signal which has 
bit rate N-fO (bit/s) (N= 1 , 2, — ) of the integral multiple of (Hz) is inputted, and a part of the lightwave 
signal branches by the optical turnout 51-1. At this time, in order to oppress transmission characteristic 
degradation by branching loss, the smaller possible one of the branching ratio of the monitor port to a 
transmission-line port is good. The lightwave signal outputted from the monitor port of the optical turnout 
51-1 dichotomizes by the optical turnout 51-2 further. 

[0030] While branching by the optical turnout 51-2, it is inputted into the timing clock generating means 11, 
and a lightwave signal is the basic clock frequency fO. Timing clock (or it added) f0-/n1-deltaf which 
extracted (Hz) and lengthened offset frequency deltaf (Hz) from 1 for the integer (Hz) (or f0/n1+deltaf 
(Hz)) It generates. This timing clock is used for the short light pulse generating means 12, and a repeat 
frequency is f0-/n1 -deltaf. A sampling light pulse train with pulse width narrower enough than the time slot 
of a lightwave signal is generated in (Hz) (or f0/n1+deltaf (Hz)). 

[0031] It is multiplexed with the optical multiplexing vessel 2, and the sampling light pulse train outputted 
from the lightwave signal of another side and the short light pulse generating means 12 which branched by 
the optical turnout 51-2 is inputted into a non-linear optical material 3. A non-linear optical material 3 
generates a lightwave signal and the cross^-correlation lightwave signal (SFG, DFG, FWM) of a sampling light 
pulse. This cross-correlation lightwave signal is changed into a cross-correlation electrical signal with an 
optical/electrical converter 4, and is inputted into the electrical signal processing means 5. The electrical 
signal processing means 5 performs detection and analysis of the peak value of this cross-correlation 
electrical signal, and measures a histogram as shown in drawing 3 . With the electrical signal processing 
means 5, it asks for the signal-to-noise-ratio multiplier Q based on the principle mentioned above, and the 
quality of a lightwave signal is inspected. In the optical-fiber-transmission network where the digital 
lightwave signal of a different bit rate is transmitted by this, it cannot be based on the bit rate of a 
lightwave signal, but quality inspection of a lightwave signal can be conducted by single system of 
measurement. 

[0032] Here, response relation with the basic configuration shown in drawing 1 is shown. The timing clock 
generating means 1 1 and the short light pulse generating means 12 are equivalent to the sampling light 
pulse generating means 1. The thing of the other same signs corresponds as it is. In addition, at this 
operation gestalt, it is the basic clock frequency fO of a lightwave signal with the timing clock generating 
means 1 1. In order to extract, the optical turnout 51-1 and the configuration which uses 51-2 and 
branches in a part of lightwave signal of a transmission line are taken. 

[0033] Prawing_9 shows the example of a configuration of a timing clock generating means. Drawing 9 (a) 
Setting, the basic bit rate timing generation means 13 is a bit rate N and fO. A lightwave signal to basic 
clock frequency fO The clock frequencies f0/n1 of 1 for an integer are generated. An oscillator 14 
generates offset frequency deltaf. A mixer 15 mixes clock frequencies f0/n1 and offset frequency deltaf, 
and generates the timing clock of frequency f0/n1 **deltaf (Hz), and a band pass filter 18 outputs only the 
frequency component of f0-/n1 -deltaf (Hz) or fO/nl+deltaf (Hz) from a mixer output. 
[0034] Here, the setting-out approach of offset frequency deltaf is explained. DrawingJO is a timing 
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diagram which shows the relation on the time-axis of a lightwave signal, sampling light, and the generated 
sum cycle light. The repeat frequency of sampling light is 1 of the repeat frequency fO of a lightwave 
signal/n1. Since only deltaf is small compared with dividing, as shown in drawing. 10 , the sweep of the 
sampling light pulse will be carried out deltaT Shifting a relative position with a lightwave signal each time. 
Gap deltaT of this relative position is the repeat period Ts (= 1/fs) of sampling light, 1 of a lightwave 
signal/n1. It is the difference of periodic n1T0 (T0=1/f0) of dividing, and is [0035]. 
[Equation 1] 

AT=Ts-niTo = — — - —r- t — "(9) 

* i * 



ni 



[0036] It is expressed. It is the period TO of a lightwave signal about gap deltaT of this relative position. n2 
It considers as the sum of step time deltaT of twice and a sampling. Namely, deltaT=n2T0+deltaT — It is 
referred to as (10). This means sampling a lightwave signal wave by step time deltaT of a sampling. At this 
time, it is (9). From a formula and (10) types, deltaf is [0037]. 
[Equation 2] 

A f = -— —Ql) 

ni(n, + ni+f 0 tfT) 

[0038] It becomes. In addition, n1 and n2 It is the natural number. Therefore, a lightwave signal wave can 
be sampled by desired amount of sampling steps deltaT by setting up offset frequency deltaf by (1 1) types. 
Moreover, n1 And n2 By choosing combination suitably, an offset frequency and a timing clock can be set 
up according to the band of the sampling light source or a signal-processing system. 
[0039] The time resolution in the sampling of this invention is dependent on pulse width deltatau of the 
sampling light pulse mainly generated with the short light pulse generating means 1 2, and the speed of 
response of a non-linear optical material 3. As a short light pulse generating means 12, mode locking fiber 
laser, mode locking semiconductor laser, gain switching semiconductor laser, etc. can be used. The short 
light pulse of 1 or less ps of pulse width can be generated by using these light sources now. KTP 
(molecular formula KTiOP04) which is the secondary non-linear optical material about SFG and DFG as a 
non-linear optical material 3 LiNb03 etc. — organic materials, such as an inorganic material and AANP, 
semiconductor waveguide, etc. can be used. About FWM, quartz system optical waveguides, such as an 
optical fiber which is the 3rd non-linear optical material, can be used. The speed of responses of these 
ingredients are all. They are 0.1 or less pses. Therefore, 1 or less ps of time resolution is possible by using 
the above thing. In addition, this is number of bit rates 100 Gbit/s. It corresponds. 

[0040] As an optical multiplexing machine 2, although the usual optical coupler may be used, a sampling 
light pulse and a lightwave signal can be multiplexed by low loss by using a wavelength multiplexing coupler. 
Moreover, when the polarization direction of a sampling light pulse and a lightwave signal lies at right 
angles, it may be made to carry out polarization multiplex by the polarization beam splitter. 
[0041] In addition, in using SFG or DFG as a nonlinear optical effect, the non-linear optical materials which 
can be used according to the polarization direction of a lightwave signal and a sampling light pulse differ. 
When the polarization directions of both light are parallel, and polarization of two basic light is parallel, it is 
necessary to use the secondary non-linear optical material which performs "type I phase matching" which 
cross-correlation light generates efficiently. On the other hand, when the polarization direction of both light 
is a rectangular cross, and polarization of two basic light is a rectangular cross, it is necessary to use the 
secondary non-linear optical material which performs "type II phase matching" which cross-correlation 
light generates efficiently (the above-mentioned reference 2). In using FWM as a nonlinear optical effect, in 
order to generate cross-correlation light efficiently, it is necessary to set the polarization direction of a 
lightwave signal and a sampling light pulse as parallel. 

[0042] Moreover, what is necessary is just to amplify the peak power of a lightwave signal and a sampling 
light pulse with the light amplifier arranged before and after the optical multiplexing machine 2, if the 
conversion efficiency of the non-linear optical material 3 to be used is inadequate. As a light amplifier, the 
light amplifier and semiconductor laser amplifier using the rare earth addition fiber which added rare earth 
can be used. 

[0043] Moreover, a lightwave signal and a sampling light pulse are contained in the output light of a non- 
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linear optical material 3 besides the sum cycle light (or difference cycle light or 4 light-wave mixing light) 
which is a cross-correlation lightwave signal. Moreover, depending on conditions, the second higher 
harmonic of a lightwave signal or a sampling light pulse may also be generated. What is necessary is to 
insert the wavelength filter 32 between a non-linear optical material 3 and an optical/electrical converter 
4, and to choose only a cross-correlation lightwave signal, in degrading the signal-to-noise ratio of the 
cross-correlation lightwave signal which such light measures. 

[0044] (The 2nd operation gestalt: Claims 1, 7, 10, 11, and 13) Drawing.!! shows the 2nd operation gestalt 
of the lightwave signal quality monitor of this invention. It replaces with the timing clock generating means 
1 1 of the 1 st operation gestalt, and the description of this operation gestalt is the basic clock frequency fO. 
It is in the configuration using a timing clock generating means 16 to generate the timing clock of f0-/n1- 
deltaf (or f0/n1+deltaf), from the synchronous-network clock signal which has clock frequency fO / m of 1 
for an integer (m= 1 , 2, — ). In addition, what is necessary is just to set up offset frequency deltaf based on 
the above-mentioned (11) types. Other configurations are the same as that of the 1st operation gestalt. 
[0045] The configuration of the timing clock generating means 16 is drawing 9 (b). It is the network 
synchronization clock signal of bit rate fO / m to the basic clock frequency fO so that it may be shown. 
What is necessary is just to use a basic bit rate timing generation means 17 to generate the clock 
frequencies f0/n1 of 1 for an integer. 

[0046] Moreover, as it replaces with the timing clock generating means 1 1 ( drawin g 9 (a)) of the 1st 
operation gestalt, and the timing clock generating means 16 ( drawing 9 (b)) of the 2nd operation gestalt 
and is shown in drawin g 9 (c) From the clock frequencies fO/nl of 1 for an integer of a basic clock 
frequency (11) The oscillator which oscillates timing clock f<SUB>0-/n1 -deltaf or f0-/n1+deltaf which 
adjusted offset frequency deltaf of a formula may be used as a timing clock generating means (claim 12). 
[0047] (The 3rd operation gestalt: Claims 1, 7, 8, 13, and 14) Drawing 1 2 shows the 3rd operation gestalt of 
the lightwave signal quality monitor of this invention. Generally the nonlinear optical effect used by this 
invention has the polarization dependency, and the cross-correlation lightwave signal power generated 
according to the polarization condition of the lightwave signal to input changes. This operation gestalt has 
the composition of removing this polarization dependency. 

[0048] Namely, an input and an output use two ports of a certain polarization beam splitters 21 at a time 
as an optical multiplexing machine 2 in the 1 st operation gestalt. Input a lightwave signal and a sampling 
light pulse train into each input port, and a non-linear optical material 3-1, 3-2, the wavelength filter 32-1, 
32-2, an optical/electrical converter 4-1, and 4-2 are connected to each output port. It is the 
configuration of adding the cross-correlation electrical signal outputted from each optical/electrical 
converter in an adder circuit 22, and inputting it into the electrical signal processing means 5. 
[0049] Here, polarization of the sampling light pulse train inputted into the polarization beam splitter 21 is 
set as the linearly polarized light which inclined 45 degrees to the polarization main shaft of the polarization 
beam splitter 21. At this time, the lightwave signal inputted into the polarization beam splitter 21 and a 
sampling light pulse train are divided into two polarization components (Psig.p, Psig.s), and (Psam.p and 
Psam.s) which intersect perpendicularly, respectively. And polarization composition is carried out and 
components (Psig.p, Psam.s), and (Psig.s and Psam.p) which intersect perpendicularly mutually [ 2 light ] 
are outputted to each output port. The lightwave signal and sampling light pulse train which were outputted 
to each output port are changed into a cross-correlation lightwave signal by the non-linear optical material 
3-1 prepared according to the individual, respectively, and 3-2, and are further changed into a cross- 
correlation electrical signal by the optical/electrical converter 4-1 and 4-2. These two cross-correlation 
electrical signals are added in an adder circuit 22, are inputted into the electrical signal processing means 
5, are processed like the 1st operation gestalt, ask for the signal-to-noise-ratio multiplier Q, and inspect 
the quality of a lightwave signal. 

[0050] With this operation gestalt, two polarization component Psam.p after the polarization beam splitter 
21 and Psam.s are made equal by making polarization of a sampling light pulse train into the linearly 
polarized light which inclined 45 degrees to the polarization main shaft of the polarization beam splitter 21. 
That is, it is Psam about all the power of a sampling light pulse train. When it carries out, it is 
Psam.p=Psam.s= 0.5Psam. — It is set to (12). On the other hand, the polarization condition at the time of 
carrying out incidence of the lightwave signal to the polarization beam splitter 21 is not being fixed. 
Therefore, a lightwave signal is divided into two polarization component Psig.p of the power ratio of 
arbitration, and Psig.s by the polarization beam splitter 21. However, it is fixed and the sum of these two 
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components is Psig about all the power of a lightwave signal. It is Psig.p+Psig.s=Psig when it carries out. — 
It is set to (13). 

[0051] The sum total Pint of the power of a cross-correlation lightwave signal which will be generated here 
in a non-linear optical material 3-1 and 3-2 if conversion efficiency of a nonlinear optical effect is set to 
eta Pint =etaPsig.p Psam. s+eta Psig.s Psam.p — It is set to (14). (14) When (12) types and (13) types are 
substituted for a formula, it is Pint = O.SetaPsig Psam. — It is set to (15). This (15) type means that the 
sum of two cross-correlation lightwave signals is not dependent on the polarization condition of the 
lightwave signal inputted. 

[0052] However, (15) types may not be materialized according to the individual difference of a gap of the 
branching ratio of the polarization beam splitter 21, and the conversion efficiency of two non-linear optical 
materials, but a polarization dependency may arise slightly. In this case, what is necessary is just to 
perform weighting suitably for the level of two cross-correlation electrical signals in an adder circuit 22 so 
that the level of the added cross-correlation electrical signal may not be dependent on the polarization 
condition of a lightwave signal. 

[0053] By carrying out the monitor of the S/N sequence with such a configuration, quality inspection of 
the lightwave signal stabilized without not being based on the bit rate of a lightwave signal, and being based 
on the polarization condition of a lightwave signal can be conducted. 

[0054] In addition, also in this operation gestalt, it may replace with the timing clock generating means 11, 
and a timing clock generating means 16 to generate the timing clock of fO / n1-deltaf (or fO/nl+deltaf) 
from the network synchronization clock signal of bit rate fO / m may be used like the 2nd operation gestalt 
(claim 10). Moreover, the timing clock generating means which consists of only oscillators as mentioned 
above may be used (claim 1 2). 

[0055] (The 4th operation gestalt: Claims 1, 7, 8, 13, and 15) Drawi ng 13 shows the 4th operation gestalt of 
the lightwave signal quality monitor of this invention. The description of this operation gestalt is replaced 
with the adder circuit 22 of the 3rd operation gestalt, doubles the timing of two cross-correlation lightwave 
signals with the optical delay means 23, and is in the configuration which carries out polarization 
composition by the polarization beam splitter 24 and which is inputted into an optical/electrical converter 
4. Other configurations are the same as that of the 3rd operation gestalt. 

[0056] (The 5th operation gestalt: Claims 1,7,10, and 1 6) Drawing 14 shows the 5th operation gestalt of 
the lightwave signal quality monitor of this invention, the 1 - with the 4th operation gestalt, in order to 
inspect the quality of the lightwave signal of a transmission line, it is necessary to branch a part of 
lightwave signal by the optical turnout 51-1, and loss of the lightwave signal of a transmission line is not 
avoided. Moreover, if the branching ratio to a monitor system is made low in order to suppress this 
lightwave signal loss to the minimum, even if it amplifies with a light amplifier, a signal-to-noise ratio will 
deteriorate and sufficient cross-correlation lightwave signal will not be acquired. 

[0057] The description of this operation gestalt is in the configuration which reduces the loss done to the 
lightwave signal of a transmission line by inputting a sampling light pulse train into a transmission line, 
generating a cross-correlation lightwave signal, and carrying out wavelength separation of a lightwave 
signal and the cross-correlation lightwave signal. 

[0058] That is, the sampling light pulse train of frequency f0-/n1-deltaf (or f0/n1+deltaf) is repeatedly 
generated from the network synchronization clock signal of bit rate fO / m with the timing clock generating 
means 16 and the short light pulse generating means 12. On the other hand, the optical multiplexing 
machine 2, a non-linear optical material 3, and the wavelength filter 33 are inserted all over a transmission 
line, it multiplexs with the optical multiplexing vessel 2, the lightwave signal and sampling light pulse train 
which have been sent from the transmission line of the upstream are inputted into a non-linear optical 
material 3, and a cross-correlation lightwave signal is generated. 

[0059] The output light of a non-linear optical material 3 is the sum cycle light (optical frequency omegasfg 
=omega sam+omega sig), difference cycle light (optical frequency omegasfg =omega sam-omega sig), or 4 
light-wave mixing light (optical frequency omegafwm =2omega sam-omega sig) which is a lightwave signal 
(optical frequency omegasig), a sampling light pulse (optical frequency omegasam), and a cross-correlation 
lightwave signal. Moreover, depending on conditions, the second higher harmonic (optical frequency sig of 
2omega) of a lightwave signal and the second optical frequency (sam) higher harmonic of 2omega of a 
sampling light pulse may occur. The wavelength filter 33 separates a lightwave signal and a cross- 
correlation lightwave signal into a different port according to an individual from such light. And the 
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separated lightwave signal is sent out to a down-stream transmission line, a cross-correlation lightwave 
signal is inputted into an optical/electrical converter 4, and it changes into a cross-correlation electrical 
signal, and it processes like the 1st operation gestalt with the electrical signal processing means 5, and 
asks for the signal-to-noise-ratio multiplier Q, and the quality of a lightwave signal is inspected. 
[0060] Quality inspection of a lightwave signal can be conducted without not being based on the bit rate of 
a lightwave signal, and degrading the S/N of the lightwave signal of a transmission line by carrying out the 
monitor of the S/N sequence with such a configuration. 

[0061] (The 6th operation gestalt: Claims 1, 7, 10, 16, and 17) Drawing 15 shows the 6th operation gestalt 
of the lightwave signal quality monitor of this invention. The description of this operation gestalt is in the 
configuration which combined the 3rd operation gestalt and the 5th operation gestalt. That is, it has the 
composition of it not being dependent on the polarization condition of a lightwave signal, and reducing loss 
of the lightwave signal of a transmission line. 

[0062] Incidence of the lightwave signal sent from the transmission line of the upstream and the sampling 
light pulse train is carried out from input port which is different in the polarization beam splitter 21. At this 
time, polarization of a sampling light pulse train is set as the linearly polarized light which inclined 45 
degrees to the polarization main shaft of the polarization beam splitter 21. In the polarization beam splitter 
21, it separates into two polarization components (Psig.p, Psig.s), and (Psam.p, Psam.s) which intersect 
perpendicularly, and a lightwave signal and a sampling light pulse train are outputted to the components 
(Psig.p, Psam.s) which intersect perpendicularly mutually [ 2 light ], and the output port where polarization 
composition is carried out and Psig.s differs from (Psam.p), respectively. 

[0063] The lightwave signal and sampling light pulse train which were outputted to each output port are 
changed into a cross-correlation lightwave signal by the non-linear optical material 3-1 prepared according 
to the individual, respectively, and 3-2, and are further divided into a lightwave signal and a cross- 
correlation lightwave signal by the wavelength filter 33-1 and 33-2, respectively. Two separated lightwave 
signals double timing with the optical delay means 25, carry out polarization composition by the polarization 
beam splitter 26, and are sent out to the transmission line of the downstream. On the other hand, two 
separated cross-correlation lightwave signals are changed into a cross-correlation electrical signal by the 
optical/electrical converter 4-1 and 4-2, respectively, are added further in an adder circuit 22, are inputted 
into the electrical signal processing means 5, are processed like the 1st operation gestalt, ask for the 
signal-to-noise-ratio multiplier Q, and inspect the quality of a lightwave signal. 

[0064] Quality inspection of the lightwave signal stabilized without being further based on the polarization 
condition of a lightwave signal can be conducted without not being based on the bit rate of a lightwave 
signal, and degrading the S/N of the lightwave signal of a transmission line by carrying out the monitor of 
the S/N sequence with such a configuration. 

[0065] (The 7th operation gestalt: Claims 1, 7, 10, 16, and 18) Drawing 1 6 shows the 7th operation gestalt 
of the lightwave signal quality monitor of this invention. The description of this operation gestalt is in the 
configuration which combined the 4th operation gestalt and the 5th operation gestalt. That is, it has the 
composition of it not being dependent on the polarization condition of a lightwave signal, and reducing loss 
of the lightwave signal of a transmission line. 

[0066] It is the configuration of replacing with the adder circuit 22 of the 6th operation gestalt, doubling the 
timing of two cross-correlation lightwave signals with the optical delay means 23 in this operation gestalt, 
carrying out polarization composition by the polarization beam splitter 24, and inputting into an 
optical/electrical converter 4. Other configurations are the same as that of the 6th operation gestalt. 
[0067] (The 8th operation gestalt: Claim 2) Drawing 1 7 shows the 8th operation gestalt of the lightwave 
signal quality monitor of this invention, drawing — setting — a transmission line to basic clock frequency 
fO The lightwave signal which has bit rate N and fO (bit/s) of the integral multiple of (Hz) (N= 1 , 2, — ) is 
inputted, and a part of the lightwave signal branches by the optical turnout 51. At this time, in order to 
oppress transmission characteristic degradation by branching loss, the smaller possible one of the 
branching ratio of the monitor port to a transmission-line port is good. The lightwave signal which branched 
by the optical turnout 51 is changed into an electrical signal with an optical/electrical converter 61, and is 
inputted into the electrical signal processing means 62. In addition, what is necessary is just to amplify 
using a light amplifier, if the reinforcement of the lightwave signal inputted into an optical/ electrical 
converter 61 is insufficient. 

[0068] The timing clock generating means 63 is the basic clock frequency fO. Frequency f0-/n1-deltaf 
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which acjjusted offset frequency deltaf (Hz) from 1 for an integer of (Hz) (Hz) or f0/n1+deltaf The timing 
clock of (Hz) is generated. In addition, the timing clock generating means 63 is draw ing 9 (a) and (b). The 
shown configuration or d rawing 9 (c) Any of the configuration of only the shown oscillator are sufficient 
(claims 9, 1 1 , and 1 2). In addition, d rawin g 9 (a) In taking a configuration, an optical turnout is arranged 
between the optical turnout 51 and an optical/electrical converter 61, and it inputs the branched lightwave 
signal into the timing clock generating means 63. Moreover, drawing 9 (b) In taking a configuration, it inputs 
a synchronous-network clock signal into the timing clock generating means 63. 

[0069] The electrical signal processing means 62 samples an electrical signal using this timing clock, and 
measures the histogram of optical reinforcement, and the sampling point which constitutes the histogram 
to "level 1 1 " and "level 0" — the difference of the average-value level within between each existing mean 
time, and "level 1 " and "level 0" — the time amount from the ratio of the sum of the standard deviation 
value within each mean time concerned — average Q value is calculated and the quality of a lightwave 
signal is inspected. 

[0070] The description of this operation gestalt is in the place which performs a sampling in an electric 
stage instead of the sampling by **** shown in drawing 1 and each above-mentioned operation gestalt. 
Performance monitoring of the lightwave signal of the bit rate of arbitration can be performed like [ the 
configuration of this operation gestalt ] each above-mentioned operation gestalt (claims 3-6). However, the 
bit rates of the lightwave signal which can respond are dozens Gbit/s by the band and processing speed of 
an optical/ electrical converter or an electrical signal processing means. It is restricted to extent. However, 
to the optical-fiber-transmission network where it turns out that the highest bit rate does not exceed this 
limit, it is applicable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram showing the basic configuration of the lightwave signal quality monitor of 
this invention. 

[Drawing 2] Drawing showing the relation of the optical frequency in SFG f DFG, and FWM. 
[Drawing 3] Drawing explaining the method of setting up the level of the histogram on the strength 
[ optical ] measured with an electrical signal processing means. 
[Drawing 4] Drawing explaining the method of determining threshold level. 

[Drawing 5] Average Q value and time amount tO Drawing showing relation with the Q value which can be 
set. 

[Drawing 6] Drawing explaining the method of setting up the level of the histogram on the strength 
[ optical ] measured with an electrical signal processing means. 
[Drawing 7] Drawing explaining the method of determining threshold level. 

[D rawing 8] The block diagram showing the 1st operation gestalt of the lightwave signal quality monitor of 
this invention. 

[Drawing 9] The block diagram showing the example of a configuration of a timing clock generating means. 
[D rawing 10] The timing diagram which shows the relation on the time-axis of a lightwave signal, sampling 
light, and the generated sum cycle light. 

[Drawing 1 1] The block diagram showing the 2nd operation gestalt of the lightwave signal quality monitor of 
this invention. 

[Drawing 12] The block diagram showing the 3rd 
this invention. 

[ Drawing 13] The block diagram showing the 4th 
this invention. 

[Drawing 14] The block diagram showing the 5th 
this invention. 

[Drawing 1 5] The block diagram showing the 6th 
this invention. 

[ Drawin g 16] The block diagram showing the 7th 
this invention. 

[Drawing J 7] The block diagram showing the 8th 
this invention. 

[Drawing 1 8] The block diagram showing the example of a configuration of the conventional error rate 
system of measurement. 

[Drawing 1 9] Drawing showing the eye pattern and the histogram on the strength [ optical ] of a lightwave 
signal. 

[Drawing 20] The block diagram showing the system of measurement of the eye pattern of a lightwave 
signal. 

[Description of Notations] 

1 Sampling Light Pulse Generating Means 

2 Optical Multiplexing Machine 

3 Non-linear Optical Material 
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4 Optical/electrical Converter 

5 Electrical Signal Processing Means 
1116 Timing clock generating means 

1 2 Short Light Pulse Generating Means 

13 17 Basic bit rate timing generation means 

1 4 Oscillator 

15 Mixer 

1 8 Band Pass Filter 

21, 24, 26 Polarization beam splitter 

22 Adder Circuit 

23 25 Optical delay means 
32 33 Wavelength filter 

51 Optical Turnout 

52 Light Amplifier 

61 Optical/electrical Converter 

62 Electrical Signal Processing Means 

63 Timing Clock Generating Means 



[Translation done.] 
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